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— ^Ths  GsoLoaioAL  BsABiMas  or  Bkosnt  Dbkp-Sxi.  SouNDiNas. 

By  A.  H.  OBBBir,  M.A.,  F.G.S.,  etc 

OF  the  ixmneziBe  yalne  of  the  recent  deep-sea  soundings  there  can 
be  no  donbt,  but  whether  geologists  will  side  with  Dr.  Car- 
penter in  the  deductions  he  has  attempted  to  draw  from  these 
explorations  seems  to  me  a  matter  of  considerable  doubt :  and 
I  propose  to  discuss  here  several  difficulties  that  have  occurred  to 
myself  on  this  head.  I  shall  take  as  my  text  Dr.  Carpenter's  last 
exposition  of  his  views  in  a  letter  to  Nature  of  Oct.  27th. 

Ist  With  regard  to  the  statement  that  we  may  be  said  to  be  still 
liring  in  the  Cretaceous  epoch.^ 

I  take  it  that  by  a  geological  ejpoch  we  mean  a  period  of  time 
during  which  there  lived  and  flourished  a  group  of  animals,  which, 
mkem  looked  at  in  a  large  tooy,  has  a  character  of  its  own,  which 
marks  it  off  in  an  unmistakeable  manner  frt)m  a  group  which  went 
before  and  from  another  group  which  followed  it  This  character- 
istic stamp,  which  distinguishes  the  fauna  of  any  epoch  from  that  of 
ill  other  epochs,  is  spoken  of  as  it8  fades;  and  when,  in  ascending  or 
descending  through  a  series  of  stratified  rocks,  we  find  at  any  point  a 
marked  change  in  the  faoiee  of  the  contained  fossils,  we  say  that  at 
that  point  we  have  passed  from  one  geological  epoch  to  another. 
Whether  the  hard  and  fast  lines  which  we  are  thus  enabled  to  draw 
between  successive  geological  epochs  are  due  or  not  to  great  un- 
represented gaps  in  the  record  of  the  earth's  history  furnished  by 
the  stratified  rocks,  does  not  now  concern  us :  it  is  enough  that  such 
lines  exist,  and  that  by  means  of  them  we  can  parcel  out  bygone 
time  into  geological  epochs. 

Can,  then,  the  fauna  of  the  sea  on  whose  bed  the  Chalk  of  to-day 
is  forming  be  said,  on  a  broad  rt'etr,  to  be  the  same  as  the  fauna  whose 

'  This  theory  was,  we  belieye,  put  forward,  in  the  first  instance,  on  the  authority^  of 
ProflWpille  Thomson,  F.B.S.,  Dr.  Carpenter's  colleague  in  the  Goyemment  Dredging 
Expeditions. — ^Edit.  Gbol.  Mao. 
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remains  are  pr^Nerved  in  the  Chalk  of  Dover  ?  I  am  not  snrprised 
that  ccrtaiu'loir  forms  should  be  common  to  the  two,  because  the 
condition^  imd'er  which  such  creatures  live  do  not  in  all  likelihood 
involve.  %b?i  struggle  for  existence  to  which  specific  change  is 
probably'; -duo;  they  have  ample  space  and  ample  sustenance  for 
animj'ils.p'f  their  simple  requirements.  Some  few  forms  too,  some- 
what higher  in  the  scale,  seem  to  have  lived  on  in  "the  dark  un- 
faliiQined  caves  of  ocean  "  but  little  affected  by  the  round  of  changes 
^  tl^t.-fiavo  so  largely  altered  the  dwellers  on  the  upper  world,  though 
.' "here  it  seems  that  the  modem  representatives  are  only  generically 
•'•.'allied,  and  not  specifically  identical,  with  the  older  forms,  a  point  of 
***".  the  highest  importance.  But,  leaving  these  cases  out  of  the  question, 
y*  are  the  two  faunas,  as  a  whole,  a  bit  alike?  Take  one  simple 
instance.  The  older  Chalk  swarms  with  Ammonites,  Scaphites, 
Baculites  and  Belemnites,  all  well-marked  and  typical  forms,  not 
one  of  which  will  be  embedded  in  the  Chalk  of  to-day ;  and  the  old 
Chalk  has  not  yet  furnished  a  single  fragment  of  a  marine  mammal, 
many  species  of  which  will  be  preserved  in  the  modem  Chalk.  A 
palaeontologist  would  readily  point  out  any  number  of  similar  con- 
trasts between  the  two  faunas ;  but  what  I  have  said  will,  I  think, 
make  it  clear  why  it  is  that  I  cannot  understand  how  any  one  can  say 
we  are  living  in  the  Cretaceous  epoch,  unless  he  at  the  same  time 
asserts  that  the  age  of  a  geological  formation  is  to  be  determined 
from  those  beds  only  which  are  formed  out  of  Foraminifera,  and  by 
the  Fomminifera  alone  of  the  fossils  contained  in  such  beds. 

2nd.  Dr.  Carpenter  very  clearly  explains  the  striking  difference^ 
both  in  mineral  character  and  fossil  contents,  between  the  deposits 
now  forming  over  the  "  cold  area  "  overflowed  by  the  frigid  arctic 
current,  and  the  Globigerina-mud  which  is  accumulating  in  the 
**  warm  area  "  bathed  by  the  more  genial  equatorial  current ;  and  he 
is  uneasy  lest  the  geologist  of  the  future  should,  unless  he  is  more 
wide  awake  than  the  geologist  of  to-day,  refer  two  such  widely 
differing  deposits  to  epochs  far  apart,  and,  finding  them  occur  side 
by  side,  bo  led  to  the  rash  step  of  inserting  a  hypothetical  fault 
between  them. 

I  beg  to  assure  Dr.  Carpenter  that  no  field-geologist  would  ever 
run  the  risk  of  falling  into  such  a  blunder.  The  two  areas,  as  Dr. 
Carpenter  states,  interpenetrate  one  another ;  their  deposits  will  not, 
therefore,  be  marked  off  from  one  another  by  a  sharp  boimdary,  but 
will  dovetail  into  each  other  over  the  sloping  sea  bottom,  and  there 
will  be  a  gradual  blending  of  one  into  the  other,  both  in  lithological 
character  and  fossil  contents ;  probably,  too,  the  animals  typical  of 
each  area  will,  as  they  approach  the  uncongenial  neighbourhood  of 
the  other  area,  become  step  by  step  less  numerous,  and  perhaps 
dwarfed  and  stunted.  These  facts,  noted  in  the  field,  will  show 
clearly  to  the  geologist  that  he  is  not  dealing  with  two  deposits  of 
different  ages ;  in  spite  of  the  vast  lithological  and  palasontological 
differences  between  the  two  groups  of  rocks,  he  will  bo  able  to  trace 
gradual  passage  of  one  into  the  other,  and  he  will  thence  con- 
that  they  were  accumulated  at  the  same   time,  but  under 
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ffifemt  otrcaniatanoes.  With  some  snoh  vsgae^  explanation  as  this, 
the  geol<^^  of  the  past  might  have  had  to  content  himself;  thanks 
to  UB  labofuns  of  Dr.  Carpenter  and  his  coUea^es,  the  geologist  of 
tiie  fatnre  will  be  able  to  say  more  definitely  in  what  this  difference 
probably  consisted. 

3rd^  Dr.  Garpenter,  if  I  understand  him  aright,  states  that  the 
mhappy  geologist  of  the  future  will  be  fur&er  bewildered  by 
finding  hills  1,800  feet  high  capped  by  ChsJk  containing  the  remains 
of  waim-wateor-loTing  animals,  while  the  hills  themselves,  and  the 
knd  from  which  they  rise,  will  be  formed  of  Sandstone  fiill  of  the 
eruYis  of  Boreal  forms,  and  will  again  fall  into  the  error  of 
leferring^  sudi  dissimilar  beds  to  geological  epochs  far  apart  from  one 
iDOther. 

K  the  floor  of  the  ocean  shows  anywhere  a  plateau  rising 
1,800  feet  above  the  surrounding  sea-bottom,  and  hounded  all  round 
hjf  verHeal  diffis  or  slopes  so  steep  that  no  deposit  will  lie  upon  them, 
and  if  the  warm  current  flows  over  the  top  of  such  a  plateau,  while 
ibe  surrounding  depths  are  filled  by  the  lower  cold  current,  Dr. 
Oupenter^s  fears  may  be  realized,  and  there  may  be  a  ''  fix  "  in  store 
far  the  geologist  of  the  future.  But  if,  as  seems  more  likely,  the 
ndes  of  these  elevated  spaces  have  an  easy  gradient,  then  along 
ttie  slopes  there  will  be  that  gradual  passage  from  one  form  of 
lock  to  the  other,  and  that  intermixture  along  the  border  region  of 
ttie  fossils,  elsewhere  peculiar  to  one  or  other  of  the  deposits,  which 
will,  as  already  mentioned,  show  clearly  that  both  are  of  the  same 
geological  age. 

4th.  Dr.  Carpenter  warns  geologists  against  any  longer  regarding 
**  the  occurrence  of  Boreal  forms  in  any  marine  deposits  as  adequate 
evidence  per  se  of  the  general  extension  of  Glacial  action  into 
temperate  and  tropical  regions."  But  have  geologists  ever  rendered 
luch  a  warning  necessary  ?  The  evidence  by  which  such  extension 
is  proved  to  have  taken  place  does  not  consist  one  bit  in  palaeonto- 
logical  data,  but  in  such  broad  physical  facts  as  these :  The  extensive 
land-glaciation  of  countries  now  free  from  ice;  the  carrying  of  huge 
unrounded  boulders  far  away  from  their  parent  rock ;  the  occurrence 
of  what  is  known  as  Boulder-Clay ;  the  heaping  up  of  masses  of 
d6bris  resembling  in  every  respect  the  moraines  of  modem  glaciers, 
and  resembling  nothing  else  we  know  of.  On  these  and  such  like 
broad  physical  grounds  geologists  base  their  belief  in  Glacial 
Periods;  and  when  they  find  arctic  forms  of  moUusca  in  associated 
beds,  they  are  glad,  because,  though  the  hypothesis  stood  well 
enough  oa  its  own  legs,  this  confirmation  of  it  by  palaeontological 
evideaoe  is  gratifying.  .The  only  thing  1  can  think  of  at  all  like  the 
case  suggested  by  Dr.  Carpenter  is  the  inference  that  there  was  "  a 
continual  refrigeration  of  climate  during  the  Pliocene  period  in 
Britain,"  *  drawn  from  the  increasing  percentage  of  northern  forms 
of  mollusca  which  is  found  as  we  ascend  from  the  Coralline  to  the 
Norwich  Crag.     But,  if  we  had  looked  at  the  Crag  alone,  I  do  not 

*  Ljrell    Elements  of  Geology^  6th  Edition,  p.  205, 
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think  this  fact  would  have  gone  for  mnch.  We  have  independent 
physical  evidence  that  the  Crag  was  followed  hy  a  period  of  intense 
cold  ;  and,  knowing  thisi  we  are  justified  in  looking  upon  the  arctic 
character  of  the  Crag  fauna,  wluch  in  itself  would  not  have  been 
much  to  lean  upon,  as  a  proof  that  the  refrigeration  began  during 
the  Crag  period. 

I  have  spoken  very  plainly,  because  the  nan  who  speaks  plainly 
is  most  likely  to  make  himself  understood;  but  I  will  ventnre, 
though  it  is  hardly  necessary^  to  say  that  nothing  oould  be  further 
from  my  thoughts  than  to  show  any  want  of  respect  for  the  eminence 
and  ficientific  attainments  of  Dr.  Carpenter,  whom  it  would  be  im- 
pertinence in  me  to  praise. 


II. — A  Census  of  the  Mabine  Ikvxbtebbate  Faska.  or  the  Lias. 

By  Ralph  Tatb,  Assoc.  lin.  Soc,  F.G.S.,  etc 

THE  Marine  Invertebrate  Fauna  of  the  Lias  would,  if  one  consulted 
Morris's  Catalogue  of  British  Fossils,  published  in  1854,  be  re- 
garded as  exceedingly  poor,  especially  in  certain  classes,  relative  to 
the  thickness  of  the  rocks  constituting  that  system.  Thus,  I  count, 
eliminating  synonyms,  130  species  of  Cephalopoda,  5  of  Gasteropoda, 
57  of  Conchifera,  37  of  Brachiopoda,  1  of  Crustacea,  2  of  Annelida, 
21  of  Echinodermata,  and  2  of  Zoantharia,  and  if  to  these  we  add 
the  fish  and  other  forms  of  life,  we  obtain  a  total  of  426  species  of 
plants  and  animals.  But  during  the  lapse  of  16  years,  this  number 
has  been  nearly  tripled,  and  to  those  classes,  which  were  either  mi- 
represented  or  characterized  by  a  paucity  of  species,  great  accessions 
have  been  made.  Notably,  the  number  of  Gkusteropoda  has  risen 
from  5  to  269  ;  the  Conchifera  from  67  to  297,  the  Brachiopoda  have 
been  augmented  by  the  addition  of  39  species,  the  Corals  now  num- 
ber 67,  and  the  Polyzoa  and  Sponges,  previously  imrepresented,  now 
have  a  place  in  the  list 

In  the  last  decade  the  following  monographs  have  appeared 
in  the  publications  of  the  Palaeontographical  Society  : — ^The  Liassio 
Starfishes,  by  Dr.  Wright;  the  Liassic  Belemnitidsd,  by  Professor 
Phillips  ;  and  the  Liassic  Corals,  by  Professor  Dr.  Duncan.  These 
bring  up  our  information  on  the  classes  treated  of  to  a  satis- 
factory and  determinate  position;  and  Memoirs  by  Mr.  Day,  Dr. 
Lycctt,  Dr.  Oppel,  "Mr,  C.  Moore,  Mr.  H.  Woodward,  Dr.  Wright, 
and  myself,  have  contributed  also  largely  to  our  knowledge  of  the 
Liassic  Invertebrate  Fauna  of  this  country.  These  materials  have 
formed  the  basis  on  which  I  have  taken  the  census,  so  to  speak,  of 
the  British  Liassic  population ;  but  the  laboiu"  has  been  more  than 
merely  docketing  the  published  names  of  species,  quoted  for  the 
System,  as  the  claims  of  each  new  species  have,  to  the  best  of  my 
ability,  been  investigated,  and  the  names  have  been  rejected  or 
i^ocepted  accordingly.      The  exercise  of  this  caution  I  have  found 
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necessaiyy  chiefly  beoanse,  from  the  great  number  of  separate  palsdon- 
tological  memoirs  extant,  estimated  at  upwards  of  180,  authors  are 
liable,  from  inadvertency,  to  describe  as  new  what  may  have  already 
been  figured.  The  variability  of  certain  species  is  also  a  fruitfid 
source  of  multiplication  of  specific  names ;  and  the  83monyms  of 
certain  species,  whose  limits  are  ill-defined,  are  most  voluminous; 
mch  are  Cardinta  walU  and  others,  Fecten  dextilis,  Rhynchonella 
xmrMiUtf  S^pirifinna  rostrata,  etc.,  eta 

My  own  labours  have  been  more  especially  directed  to  the 
HoUnsca,  but  much  remains  to  be  done  before  an  approximate 
estimate  of  the  number  of  species  belonging  to  this  sub-kingdom 
can  be  given.  Several  species  not  included  in  my  census  have  been 
described,  the  claims  of  which  to  a  place  in  a  catalogue  can  only  be 
determined  by  an  examination  of  the  type  specimens.  The  deter- 
mination of  such  dubious  species  will  necessitate  a  visit  to  several 
public  museums.  Thus,  the  Whitby  Museum  contains  the  types  of 
130  Cephalopoda,  and  122  species  of  other  classes  of  MoUusca,  the 
names  of  which  have  not  been  generally  accepted.  Indeed,  with 
&e  exception  of  the  Cephalopoda,  very  little  is  known  respecting 
&e  species  of  the  Yorkshire  Lias,  and  till  we  know  more  of  them 
ind  of  their  distribution,  the  sub-divisions  of  the  Liassic  rocks  of 
Yorkshire  cannot  be  brought,  with  any  degree  of  confidence,  into 
jiixti^)OBition  with  those  of  the  more  typical  district  of  the  south- 
west oi  England. 

Disirihutum  of  the  Genera. — ^In  the  accompanying  table  are  given 
the  names  of  all  the  genera  known  in  the  Lias,  and  the  numbers  in 
the  first  column  refer  to  the  number  of  species  of  the  genus  in  the 
British  Lias,  whilst  those  in  the  second  column  indicate  the  total 
number  of  species,  British  and  Continental. 

The  Bhsetic  species  are  excluded  from  these  enumerations,  as  we 
are  in  possession  of  full  information  respecting  them  ^ ;  but  the 
species  from  the  Supra-Liassic  Sands  are  included. 

The  total  number  of  marine  invertebrate  species  in  the  European 
Lias  is  2,126 ;  of  these  997,  or  nearly  one-half,  are  found  in  Great 
Britain.  Singularly  enough,  this  proportion  holds  good  for  the 
majority  of  the  classes  (see  Summary,  Table  II.). 

If  to  the  number  of  marine  invertebrate  fossils  we  add  those  of 
the  Foraminifera,  insects,  plants,  and  the  vertebrata,  we  have  a  total 
of  1,228  species  in  the  British  Liassic  deposits. 

Class  Cephalopoda. — All  the  genera  are,  at  least,  Mesozoic ;  one 
only,  Xipthoteuthis,  is  peculiar. 

Class  Qastbbopoda. — A  large  proportion  of  the  genera  date  from 
the  Trias,  such  are  Acteonina,  Chetnnitzia,  Cerithtum,  Fusim,  Neritopsis^ 
etc. ;  a  few  range  upwards  from  the  older  rocks,  as  Chiton^  Bentalium, 
Litorina  (?),  Patella^  Natica,  Fkurotomana,  Turbo,  and  Trochm  (/); 
Cryptania  became  extinct  in  the  Middle  Lias;  Alaria  and  Trochotoma 
commence  in  the  Rhrotic ;  whilst  Bulla^  Cryptolax,  Exelissay  Onustus, 

'  M.  Jules  Martin,  E'tage  Hh®ti6ii. 
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FurpunnOf  PileoUUf  Pt&roeerOf  Rimuhf  Pundurdla^  Pfffda^  TMtanOy 
TamateUaCf),  and  IkrbtneUa  be^n  witk  die  LiAft.  No  genuB  of 
GasteropodouB  shellB  is  peculiar,  if  we  except  PUrocheUo*  and 
PhurateUa  (Moore),  which  appear  to  he  faunded  om.  immatnze  indi- 
viduals, and,  consequently,  may  prove  eventoally  to  heloi^  to  known 
genera. 

Cljlss  Gonchipsba. — Here,  also,  the  majority  ef  the  genera  com- 
menced in  the  Trias,  whilst  a  few  range  fixwa  Palsoozoie  times 
through  succeeding  formations,  such  as  Cyprieardia^  PtnnOj  SoUmy^ 
Inoceramua,  eta  Axinopm  and  Myopharia  do  not  pass  beyond  the 
Lower  Lias.  Proioeardiumf  Oythsre,  Fholadomya^  GoitrockmM  Pitt' 
cuTiopM,  SaxicavOj  and  Tancredia  date  from  the  Ehsfitic;  whilst 
Exoyyra,  Fistulana,  Oresslyaj  Gontomyaf  SbmomyB,  LimoptUy  Pisuro- 
fnya,  Pholas,  Pteropema,  Saw^rhyOf  Spondylus,  Thrada^  IHgmU^ 
T&redo^  Uhtcardiutn,  and  Ventu  are  not  older  than  the  Lias.  Tbe 
following  genera  are  peculiar,  Ca^dinia^  Canehodonj  Hippopodium^  and 
Terquemia, 

Class  BRAcmoponA. — ^The  majority  of  the  genera  have  an  ex- 
tensive range;  Leptana  becomes  extinct  in  the  Upper  Lias.  MsffirUa, 
Terebratella^  TtfrehrattUina^  and  Zellania  commence  in  this  system,  and 
8ue8sia  is  confined  to  it 

Class  Poltzoa. — ^With  the  exception  of  BermUeea^  all  the  genera 
of  Polyzoa  date  from  the  Lias. 

.  Class  Crustacea. — All  the  Malacostraoous  Crustaceans  belong  to 
Mesozoic  genera;  Scapheus  is  peculiar.  Of  the  Entomostraoa,  all 
have  a  wide  range,  if  we  except  Aspidocaris,  recalling  the  Palsooaoic 
genus  DiicinoeariSf  which  is  Triassic  and  Liassia  Of  the  Oirripedia, 
Pollieipea  dates  from  the  Bhsetic,  and  Zooeapsa  is  peculiar. 

Class  Annelida. — TereheUa  and  Vermieularta  oommenoe  in  the 
Lias,  the  other  genera  are  much  older. 

Class  Echinodbbmata. — Excepting  Ctdaru  and  Bhabdoeidarit, 
which  are  also  Triassic,  all  the  genera  of  Echinidea  date  from  the 
Lias ;  Microdiadema  is  peculiar.  All  the  genera  of  Ophiuridea  are 
represented  in  existing  seas ;  so  also  the  Asteriadea,  excepting  Dropi- 
daster  and  Plumaster,  which  are  peculiar.  The  Crinoidea  comprises 
Pentacrinus  ranging  from  the  Trias,  Aptocrinus,  Cotyledenna,  and 
EugenioerintM  from  the  Lias,  and  Extracrinus  and  MicrocrtnuSy  which 
are  peculiar. 

Class  Zoanthabia. — About  one-half  the  genera  of  corals  are  re- 
presented in  the  Trias,  a  few  are  peculiar,  whilst  the  rest  range 
upwards  from  the  Lias. 

Class  Sponoida. — Nmrofungia  is  doubtfully  peculiar* 

If  we  confine  our  attention  to  the  succession  of  life  in  the  British 
strata,  then  the  generic  grouping  in  the  three  members  of  the  Lias 
becomes  more  pronounced : — the  Middle  Lias  being  the  horizon  at 
which  appear  JRotella,  Nisoy  Opts,  and  Ltmea;  the  Upper  Lias  the 
same  for  Drtyonia,  Carhis,  Cythere,  and  Macrodon, 

The  distribution  of  some  of  the  peculiar  and  restricted  genera  in 
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DXSOBIPTIONB  OF  NEW  BPBGIIS : 

Cerilhium  Bottom,  hot.  spec — Shell  Bmall,  turriculated,  spire 
acute,  whorls  six,  angulated;  penultimate  whorl  ornamented  with  four 
very  prominent  obtuse  eucircling  smooth  ribs,  the  upper  two  smaller 
than  the  lower  ones,  the  superior  one  of  the  latter  carinatiug  the 
wbori ;  the  lower  half  of  tllo  laat  whorl  with  a  few  smooth  ribs ; 
inlerspaces  apparently  smooth.  Aperture  subqiiadrate.  Marhtont. 
Dmnbleton  (Coll.  Mrs.  Uuttoo,  ne6  Holland,  to  whom  the  spocics  is 
dedicated). 

C€Titkmn  Ugaturalit,  nov.  spec.  —  Shell  cj'lindrical,  turreted, 
spire  acute,  whorls  about  15,  imbricating,  ornamented  with  a  broad 
depressed  band  eaoircliog  the  upper  suture,  and  a  narrow  one  around 
the  lower  suture ;  the  carina  at  about  the  anterior  tliird  of  each 
whorL  TranSTerse  Btrise oblique  and  distant;  last  whorl  with  three 
ribs  below  the  keel.  Base  convex,  smooth  ;  aperture  elongated  ;  canal 
obsolete.  Allied  to  C.  Sida  (D'Orb.)  and  C.  Ibex  (Tate).  Harltiont. 
Bed  Mile,  Lincolnshire.    (Coll.  Gool.  Surv,) 

(krilliium  Dayii,  nov.  spec. — Differs  from  C.  luhreticulatum  (D'Orb.), 
in  its  excavated  suture,  fewer  (4)  longitudinal  and  transverse  lines, 
which  produoe  dentJculatioDS  ratlier  th&n  granulations,  an^Vhom  C. 
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Ilmimtermns  (Moore),  in  having  fonr  rows  of  snbspinonB  costnls. 
Middle  Luu.    Down  Cliflf,  Charmouth.  (Day-Coll.,  Geol.  Surv.  Mus.) 

Cerithium  Bubfistulosa,  nov.  sp.— Belated  by  its  form  and  orna- 
mentation to  Chemnitzia  fistulosa,  StoL,  and  TurriteUa  inaquieinctim, 
MtLnst;  from  the  former  it  differs  in  its  serrated  mediui  rib,  in 
being  proportionately  broader,  and  in  the  absence  of  transverse 
strisB ;  and  from  the  latter  chiefly  in  its  fewer  ribs.  Marhtone,  Bed 
Mile,  Lincolnsliire.    (Coll.  Oeol.  Surv.) 

Cerithium  raricoatati,  nov.  sp. — Elongated,  whorls  10,  convex, 
upper  ones  subangulated,  with  a  broad  and  deep  suture,  ornamented 
with  about  25  Hrongly -curved,  thick,  transverse  ribs,  crossed  by  about 
8  lamelliform  costaa.  Zotie  of  Ammonites  raricostatus,  Churdidown. 
{Rev,  F.  Smithe.) 

Chemnitzia  trivia,  nov.  sp. — Shell  elongated,  of  about  15  convex 
whorls;  closely  allied  to  C.  Carusensis  (D*Orb.),  but  not  so  slender;  the 
posterior  whorls  with  numerous,  stout,  oblique,  not  arched,  ribs  (the 
anterior  ones,  occasionally  with  abruptly  curved  ribs),  crossed  by  fine 
longitudinal  lines.  Lower  Lias  Limestone.  Bridgend.  {R.  T.) 
.  Chemnitzia  complicata,  nov.  spea — ^Whorls  rounded,  suture  im- 
pressed ;  ]ast  whorl  ornamented  with  about  fifty  thick  oblique  ribs, 
which  as  they  approach  the  anterior  suture  split  up  into  fine  raised 
lines ;  and  about  ten  inequidistant  longitudinal  sulci ;  those  bound- 
ing the  posterior  suture  forming  granulations.  Base  striated.  MtM^l- 
stone,     Hyde,  near  Yeovil.     (Geol.  Surv.  Mus.) 

Natica  pilula,  nov.  sp. — ^Very  small,  globose,  spire  depressed, 
slightly  convex,  whorls  4  to  5,  ornamented  with  fine  longitudinal 
lines ;  aperture  narrow.  Upper  Lias.  Dumbleton,  very  abundant. 
{Rev.  P,  B.  Brodie,  etc.) 

Trochus  inconstans,  nov.  sp. — Very  similar  to  T.  turriformi,  K. 
and  D.,  from  which  it  differs  chiefly  in  the  variable  form  of  the 
whorls.  Turreted,  conical,  apex  acute;  whorls  from  15  to  20, 
smooth,  flat,  or  with  a  broadly  chanelled  suture,  or  as  sometimes 
they  are  slightly  imbricating.     Lower  Lias.    Bridgend.    {R.  T.) 

Solarium  inomatum,  nov.  sp. — Very  small,  closely  allied  to 
S.  Thomsoni  (Tate)  ;  orbicular  spire  obtuse,  subdepressed,  whorls 
four,  convex,  smooth,  shining  with  fine  strisB  of  growth ;  base  flat 
with  radiating  wrinkles  and  strisd ;  umbilicus  narrow,  aperture  sub- 
quadrate  ;  columella  straight,  callously  thickened  in  front.  HiddU 
Lias.     Chipping  Campden.     {Rev.  P.  B.  Brodie.) 

Solarium  lucens,  nov.  sp. — Differs  from  8.  inomatum  in  its  more 
elevated  and  acute  spire,  and  the  raised  margin  bounding  the  an- 
terior suture  of  the  upper  whorls.  Whorls  four,  smooth,  shining, 
coarsely  wrinkled  ;  reddish-yellow  in  colour  ;  last  whorl  sub-angu- 
lated.  Middle  Lias.  Mickleton.  {Mr.  Gavey.)  The  last  two  species 
are  provisionally  referred  to  Solarium,  and  may,  with  some  others, 
belong  to  a  genus  not  yet  defined. 

Monodonta  modesta,  nov.  sp. — Small,  turbinated,  conical,  spire 
short,  composed  of  four  nearly  flat,  smooth,  shining  whorls  ;  suture 
linear ;  last  whorl  large,  obtusely  angulated ;  base  oblique  and  im- 
perforate.   Marlstone.    Churchdown,  Chelteuiiam.    {R.  T.) 
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AciMm  ieaseUaUu,  noT.  apeo.  —  Orate  elongated,  wborls  biz, 
DODves,  bluntly  keeled  at  the  atiture ;  last  whorl  ornamented  with 
■bout  twenty  narrow,  eqnidistant,  longitudinal  sulci,  and  fine,  close, 
perpendicular  strice,  which  produce  &  punctated  appearance  within 
the  Bald.  Apertore  oval.  Total  length,  eleren-twentietha  of  an 
inch.  DiEFeni  from  A.  Brolittuii  (Buv.),  ohiefiy  in  its  ovate  form. 
JIurUtoiu.     Gratton,  Gloacesterahire.    {Coll.  Dr.  Holl.) 

Opia  De^ongehampti,  nov.  ep. — Shell  eubtrigonal,  Tentrioose, 
■omewhat  oompresfled ;  nmbonee  anterior,  acute,  and  eubapiral ; 
pOBtarior  side  truncated,  anterior  rounded ;  obliquely  keeled  posteriorly 
and  anteriorly.  Ornamented  by  a  few  imbricating  lamells  of  growth, 
and  by  nnmerouB  flat,  transverse  costfe.  Middl*  lAa*.  Gaatcropod 
bed;  May  I    Harlatone;  Uley,  Olouoestershire.     (Coll.  OeoL  Surv.) 

CATALOOOE  OF  MARINE  INTEETEBBATA  OF  THE  LIAS.' 


No.  Spm.. 

No.Sp™. 

Biil. 

fltit-^Enro 

TABLE  1. 

FiloniUia     

4 

(HJM  CEPBALOPODA. 

Plturiittimaria         

23 

87 

L!B 

366 

Plirocera       

2 

IDS 

FUHdunUa 

2 

tfa-diluM       

IT 

Jtoyurw. 

1 

11 

J^frula         

1 

Siiaula       

1 

cuts  aMTESOPODA. 

Roltlla          

1 

3» 

Solarium'    ... 

15 

31 

Alalia           

■a 

Slomalia       

1 

SiM,             

Oimlm        

Cmlimm     

IWarfai      

22 

40 

yy 

TomaliUa 

Ciiiuiia        

14 

1 

Chtmnitaa 

56 

Tnehotoma 

g 

Tntkm        

27 

7B 

Cimu          ...        '."        ..'. 

Cryplania 

Cryptolax     

Turbo            

TurHUlla     

31 

6B 
28 

DrnMium 

SmargiHula 

AtutUaa        

8 

S,dntia      

Anomia        

S 

Fmu,           

Area 

13 

Zitlina        

Attarte        

U 

3S 

Zilorina        

AticiJa        

21 

37 

Mo„od«,U 

AximptU     '    ... 

1 

Jfi«.V«         

CardiHia      

16 

49 

AVtf.™       

Cardita        

6 

Kfilopri, 

Cardium       ... 

11 

XUo 

Ctrona/a       

3 

Onuto)        

Conehodon    

1 

Fattlla         

Corbi,           

a 

Corbula        

3 

Cueultaa       

13 

19 

'  MS.  specica  arc  not  inclndcj. 

'  Certnin  furais  referred  to  Iha  gcnn? 

*  Including  DiteolitlLc  and  Siraparol 

*  Indading  Ambtrlrya  and  Eueycliu. 
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Cyprieardia 

Cythere        

Exogyra       

Futulana      

Gastrochana 

OtrviUia       

Goniomya     

Gresilya       

Gryphaa      

Hinnitea       

Hippopodium  ,„ 

H&momya     

Jnoeeramtu 

hoeardia 

X/CIM*  (((  «••  ,,, 

x/tffUl  •••  ,,, 

liimea  ...         ... 

Limopsii 

Lithodomui 

Macrodon     

Myoeoncha 

Myophoria 

Mytilus 

Opts  •••         ..,         ... 

Oitrea  

±tct€n  •••         ... 

JPtntti  •••         ... 

Fholadomya 

Pholas  

JPinna  ...         ... 

FlaeunopsU 

Fleuromya 

Flieatuia 
FoiidoHomya 

Fteroperna 

Saxicava      

SoUmya       

OCrpCr*  •••  •••  ««» 

Sow0rbya  

Spofidyius  

Taneredia  

Teredo  

Terquemia  ... 

Thraeia  

^^tgonia  

^nieardium 

'  Venua 

CLUBS  BRACHIOPODA, 

'Vk.  •  ■"•  •••  ••• 
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-^^^na       

■fc*tfigfAi 

t^^-if^riM 
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r  several  points ;  if  there  ia 


a,  or  if  BeTeral  centres  unite,  but  one 

ipletely  unite,  as 


but  Doe  centre  of  oasificat 

bone  IB  formed ;  if  the  eeveral  centres  do  not  c 

many  leparale  bonea  are  produced. 

Now,  in  the  growth  of  continental  land  there  is  something  very 
akin  to  this.  The  present  form  of  many  countries  has  been  sketched 
ont  in  a  general  woy  long  ages  ago,  and  is  due  to  growth  around  a 
single  centre  or  several  centres.  Ono  of  the  moat  aimplo  examples 
of  this  is  perhaps  to  be  found  in  the  geological  history  of  Italy. 
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A  section  across  the  peninsula  in  abont  the  latitude  of  Borne  would 
exhibit  somewhat  of  the  following  struoture,  seen  in  Fig.  1,  whero 
the  Jurassic,  which  are  the  oldest  rocks  of  the  country,  form  the 
nucleus  of  the  Apennine  chain,  and  the  Cretaceous  and  Eocene  lie 
on  their  flanks,  with  some  minor  patches  left  on  or  near  the  summit^ 
while  rocks  of  Miocene  and  Pliocene  age  form  the  low-lying  tracts 
of  land  between  the  base  of  the  mountains  and  the  sea.  The 
central  mass  of  Jurassic  rocks  stretches  along  the  median  line  of  the 
peninsula  from  a  point  east  of  Naples  to  one  some  way  south  of 
Florence,  and  south  and  north  of  these  respective  points  it  is 
wrapped  round  by  a  narrow  framework  of  Cretaceous  rocks,  and 
then  by  those  of  Eocene  age,  which  last  continue  the  ridge  of  the 
Apennines  onward  to  a  little  east  of  Genoa. 

The  history  of  Italy,  so  far  as  can  be  deduced  from  these  stony 
records,  seems  not  to  go  back  farther  than  the  Jurassic  period ;  ^  and 
the  first  decided  production  of  land  of  which  we  have  any  know- 
ledge occurred  not  until  the  close  of  the  Middle  Eocene.'  Then  it 
was  that  this  great  thickness  of  strata,  which  had  been  accumu- 
lating for  so  long,  was  slowly  upheaved  along  a  line  which  now 
constitutes  the  chain  of  the  Apennines  in  Southern  Italy  and  great 
part  of  the  Alps  in  Northern.  The  elevation,  accompanied  by  con- 
tortion of  the  strata,  was  gradual,  so  as  to  allow  of  an  enormous 
denudation  of  Eocene  and  Cretaceous  rocks,  which  over  a  consider- 
able part  of  the  elevated  area  were,  with  the  exception  of  minor 
patches,  entirely  swept  away,  thus  exposing  the  Jurassic  rocks  at 
the  surface.  This  denudation,  therefore,  deprived  the  slowly-rising 
land  of  much  of  its  height ;  and  had  the  elevation  taken  place  rapidly, 
the  present  range  of  the  Apennines  might  have  been  twice  or  more 
as  lofty  as  it  is  at  present. 

The  geography  of  Italy  at  about  the  close  of  the  Eocene  and  com- 
mencement of  the  Miocene  period  must  have  presented  somewhat 
the  form  shown  in  Fig.  2,  where  the  dotted  line  shows  the  present 
contour,  and  the  shaded  part  the  then  existing  land. 

In  the  seas  around  this  land  were  deposited  strata,  first  of 
Miocene,  then  of  Pliocene  age ;  but  it  would  seem  as  if  that  force, 
which  had  before  been  manifesting  itself  in  producing  a  slow  up- 
heaval of  the  ocean's  bed,  being  able  to  produce  no  further  effect  in 
that  direction,  now  broke  fairly  through  the  solid  crust  in  several 
points,  and  gave  rise  to  the  phenomena  of  volcanoes.'  The  Yicentine 
and  the  Euganean  Hills,  near  Padua,  are  formed  of  volcanic  rocks 
interstratified  witli  deposits  of  Pliocene  age;,  and  by  some  of  the 
eruptions  in  the  seas  of  this  period  great  numbers  of  fish  were 
suddenly  destroyed  and  preserved  in  calcareous  ash. 

'  Rocks  of  Silurian  age  occur  in  Sardinia^  according  to  General  della  Harmon 
(Voyage  en  Sardaigne\ 

*  Tnore  may  have  Dcen  some  minor  upheayala,  producing  local  unconformidea  in 
^e  several  groups  of  strata. 

'   In  Sardinia  are  eyidenoes  of  Tolcanio  eruption  in  Miocene  times;  and  Terj 
probably  some  of  the  eruptiye  rocks  of  the  neignbourhood  of  Genoa  date  from  this 
JTiod. 
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Towards  the  dose  of  the  Pliocene,  volcanio  activity  began  to  show 
itself  along  the  weBtom  eido  of  the  island,  north  and  south  of  the 
present  districts  of  Rome  and  Kaples,  and  about  the  same  time  a 
further  upheaval  took  place,  raising  the  recently-formed  Pliocene 
strata  hi^  and  dry,  and  thus  giving  to  the  old  laiid  a  &amework  of 
new  and  comparatively  flat  country,  and  causing  it  to  assume  very 
much  it«  present  outline,  many  of  the  peculiarities  of  which,  however, 
have  been  produced  by  denudation  and  minor  oaoillaUons  of  level 
acting  through  Post-Pliocene  and  modem  times. 

There  is  little  question  but  what  the  first  eruptions  in  the  distriot 
of  which  Naples  is  now  the  centre  took  place  ere  the  final  upheaval, 
and  the  ashes  showered  forth  fell  in  the  surrounding  sea  and  wore 
deposited  in  strata  which  now  form  tho  fertile  Campagna  Felice, 
just  as  the  ashes  of  Vesuvius  have,  for  many  centuries,  from  time  to 
time  been  falling  into  tiie  wnterH  of  the  Bay  of  Naploa,  where  they 
will  have  formed  beds  alternating  and  mixed  up  with  purely  mai-ine 
deposits. 
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After  the  elevation  of  the  land  just  spoken  of,  the  emptions,  being 
sub-aerial,  gave  rise  to  many  volcanic  hillB>  which  now  agreeably 
relieve  the  monotony  of  the  plains. 

At  what  precise  period  Yesuvios  began  U>  exist/  whether  at  first 
as  a  sub-marine  volcano,  or  not  until  the  post-Pliocene  elevation 
took  place ;  whether  its  first  eruptions  were  coeval  with  those  of  the 
Phlegrsean  Fields ;  or  whether  the  Neapolitan  group,  as  a  whole, 
came  into  activity  simultaneously  with  that  around  Bome ;  axe  points 
not  easily  determined.  It  is  sidOficiently  evident,  however,  ^at  the 
birthtime  of  most,  if  not  of  all,  was  just  about  the  close  of  the 
Pliocene  period  ;  that  is  to  say,  their  products  of  eruption  directly 
overlie  strata  of  Pliocene  age. 

Such,  in  brief,  is  a  sketch  of  Italian  geological  history ;  some  of 
the  most  noteworthy  points  of  which  seem  ta  be  the  following : — 

1.  The  geological  records  date  back  only  to  Jurassic  times,  and 
there  is  no  direct  evidence  of  land  over  this  area  until  late  Secondary 
or  early  Tertiary. 

2.  The  formation  of  Italy  has  been  efiected  in  a  very  simple 
manner,  namely,  by  the  nj^eaval  of  three  consecutive  marine  for- 
mations into  a  loi^  chain  of  mountains,  and  l^  the  deposition  round 
this  long  island  of  marine  strata  belonging  to  the  Miocene  and 
Pliocene  periods,  Isuid  their  subsequent  moderate  upheavaL 

3.  The  time  through  which  iliis  history  carries  us  back  divides 
itself  into  three  separate  periods  as  regards  action  from  belo^.  1. 
A  period  of  tranqiullity,  or  slow  depression,  during  which  tranquil 
marine  deposition  was  going  on.  2.  A  period  of  vast  internal  force 
manifested  in  the  form  of  upheaval  of  land,  and  formation  of  lofty 
mountains.  3.  A  period,  not  yet  entirely  over,  of  the  same  force 
manifested  in  an  outward,  or  volcanic  form. 

In  the  case  of  Itelj,  which  we  have  just  considered,  growth  took 
place  around  one  long  island  or  peninsula,  tmd  the  first  formed  centre 
seems  not  to  have  been  subsequently  depressed  so  as  to  allow  de- 
position unconformably  ttpon  it.  When,  however,  we  consider  the 
geological  history  of  England,  we  find  its  case  to  be  far  otherwise. 
Two  centres  of  ossification  seem  from  very  early  times  to  have  been 
established,  both  along  the  western  mai^gins  of  our  present  land, 
and  corresponding  to  the  districts  of  Wales  and  Cumberland.  In 
Mid-Silurian  times  land  clearly  existed  in  Wales  and  adjacent  parts, 
though  this  early  nucleus— as  well  as  one  which  probably  existed 
in  Gumberiand  at  the  same  time— was  soon  depressed,  and  the 
deposits  of  Upper  Silurian  age,  which  were  first  formed  around, 
gradually  overlapped,  and  were  formed  upon  the  old  land  surface. 
These  original  centres  reappeared  in  a  measure  in  Old  Bed  times,  and 
probably  did  not  bntirely  disappear  in  Carboniferous  times,  at  the 
close  of  which  they  were  again  more  fully  developed. 

Through  the  Permian  and  Triassic  periods  the  Welsh  and  Cum- 
brian centres  remained  distinct  and  separate,*  while  deposition  was 

taa.  dates  clearly  from  the  Pliocene  period  ;   its  earlier  eruptions  being  sub- 
ashes  and  lavas  interbedded  with  Pliocene  strata. 


kJ&tD 


"  Geological  Dream  on  Skiddaw,"  in  "  Ice,"  a  Lecture,  etc. 
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going  on  all  around^  and  very  probably  a  new  oentre  was  prodnoed 
along  quite  the  south-eastern  edge  of  England.  In  Oolitio  times  the 
two  former  had  probably  united  to  form  one  western  stretch  of  land, 
which  gradually  extended  itself  eastwards  towards  the  close  of  that 
period,  while  the  south-eastern  mass  of  land  was  depressed,  and 
leoeiyed  deposits  upon  it 

In  Cretaceous  times  the  land  had  retreated  somewhat  westwards, 
oocopying  rather  more  than  the  present  western  half  of  England, 
tad  then  again  during  Tertiary  ages  increased  slowly  eastwards, 
antil  the  whole  of  the  present  England  was  represented. 

Lastly,  during  the  Glacial  period,  such  a  submergence  took  place 
as  to  leave  only  parts  of  the  original  Welsh  and  Oumbrian  centres 
above  water,  with  perhaps  a  southern  mass  of  land,  thus,  as  it  were, 
restoring  the  embryonic  condition  of  England  for  a  brief  space  at 
the  close  of  its  long  history. 

In  the  case  of  English  geological  history  we  have  then  to  observe 
the  following  points  :— 

1.  The  geological  records  date  back  to  Cambrian  times,  and  there 
«B  dear  evidenoe  of  land-centres  as  far  heidk  at  least  as  the  Mid- 
Silurian. 

2.  The  early  land-centres  of  Wales  and  Cumberland  received 
depositions  of  strata  around  and  upon  them  until  the  close  of  the 
Oflffboniferous,  since  which  time  they  have  been  completely  above 
water,  with  the  exception  of  the  partial  submergence  of  the  Glacial 
period.  Thus,  England  may  be  wnsidered  a  much  older  country 
than  Italy,  and  to  have  had  a  more  complex  origin. 

3.  The  long  periods  during  which  these  two  centres  have  re- 
mained as  dry  land,  explains  the  enormous  amount  of  sub-aerial 
denudation  which  seems  to  have  taken  place  ^  in  these  districts.' 

The  study  of  ancient  physical  geography,  which  hitherto  has 
received  so  little  attention,  is  becoming  daily  of  more  and  more 
importance  and  interest,  inasmuch  as  by  its  consideration  alone  shall 
we  probably  be  able  to  work  out  the  great  question  of  the  succession 
and  distribution  of  life  upon  the  globe. 


TV. —  On  the  Transport  of  the  Wastdalb  Crao  Blocks. 

By  Jambs  Gboll,  of  the  Geological  Surrey  of  Scotland. 

CONSIDERABLE  difficulty  has  been  felt  in  accounting  for  the 
transport  of  the  Wastdale  Granite  Boulders  across  the  Pennine 
chain  to  the  east.  Professors  Harkness*  and  Phillips,*  Messrs. 
Searles  Wood,  jun.,'  Mackintosh,*  and  I  presume  all  who  have 
written  on  the  subject,  agree  that  these  blocks  could  not  have  been 

>  "  On  the  Denudation  of  the  Lake  District,"  Geol.  Mao.,  January,  1870. 

•  It  ii  curious  to  think  how  much  older  our  English  mountain  districts  are 
than  the  great  ranges  of  the  Alps,  the  Apenuincs,  the  Himalayas,  the  Andes,  and  the 
Boeky  Mountains. 

•  Ouart.  Jonm.  Geol.  Soc.  xxvi.,  p.  517. 

•  British  Assoc.  Report  for  1864  (Sections),  p.  65. 

•  Quart.  Joum.  Geol.  Soc,  xxvi.,  p.  90. 

•  Geol.  Mao.,  VII.,  p.  349, 
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transported  by  land-ioe.  The  agency  of  floating  ioe  under  eome 
form  or  other  is  assumed  by  them  alL 

We  have  in  Scotland  phenomena  of  an  exactly  similar  nature. 
The  summits  of  the  Ochils,  the  Pentlands,  and  other  moontain 
ranges  in  the  east  of  Sootlimd,  at  elevations  of  from  1,500  to  2,000 
feet,  are  not  only  ice-marked,  but  are  strewn  over  with  bonlden 
derived  from  rocks  to  the  west  and  north-west.  Many  of  them 
must  have  come  from  the  Highlands  distant  some  50  or  60  miles. 
It  is  impossible  that  these  stones  could  have  been  transported,  or 
the  summits  of  the  hills  striated,  by  means  of  ordinary  glaciers. 
Neither  can  the  phenomena  be  attributed  to  the  agency  of  icebergs 
carried  along  by  currents.  For  we  would  require  to  assume  not 
merely  a  submergence  of  the  land  to  the  extent  of  2,000  feet  or  bo,— - 
an  assumption  which  might  be  permitted, — but  we  should  have  to 
assume  that  the  currents  bearing  the  icebergs  took  their  rise  in  the 
elevated  mountains  of  the  Highlands,  a  most  unlikely  place,  and 
that  these  currents  radiated  in  all  directions  from  that  place  as 
a  centre. 

In  short  the  glacial  phenomena  of  Scotland  is  wholly  inexplicable 
upon  any  other  theory  than  that,  during  at  least  a  part  of  the 
glacial  epoch,  the  entire  island  from  sea  to  sea  was  covered  with  one 
continuous  mass  of  ice  of  not  less  than  2,000  feet  in  thickness. 

In  my  paper  on  the  Boulder-clay  of  Caithness,^  I  have  shown 
that  if  the  ice  was  2,000  feet  or  so  in  thickness,  it  must,  in  its  motion 
seawai'ds,  have  followed  the  paths  indicated  by  the  curved  lines  in 
the  diagram  accompanying  that  paper.  In  so  far  as  Scotland  is 
concerned,  these  lines  represent  pretty  accurately  not  only  the  paths 
actually  taken  by  the  boulders,  but  also  the  general  direction  of  the 
ice-markings  on  all  the  elevated  mountain  ridges.  But  if  Scotland 
was  covered  to  such  an  extent  with  ice,  it  is  not  at  all  probable  that 
Westmoreland  and  the  other  mountainous  districts  of  the  North  of 
England  would  have  escaped  being  enveloped  in  a  somewhat  similar 
manner.  But  if  we  admit  the  supposition  of  a  continuous  mass  of 
ice  covering  the  North  of  England,  all  our  difficulties  regarding 
the  transport  of  the  Wcustdale  blocks  across  the  Pennine  chain  dis- 
appear. An  inspection  of  the  diagram  above  referred  to  will  show 
that  these  blocks  followed  the  paths  which  they  ought  to  have  done 
upon  the  supposition  that  they  were  conveyed  by  continental  ice. 

That  Wastdale  Crag  itself  suffered  abrasion  by  ice  moving  over  it, 
in  the  direction  indicated  by  the  lines  in  the  diagram,  is  obvious 
from  what  has  been  recorded  by  Dr.  Nicholson  and  Mr.  Mackintosh. 
They  both  found  the  Crag  itself  beautifully  moutonneed  up  to  its 
snnunit,  and  striated  in  a  W.S.W.  and  E.N.E.  direction.  Mr. 
Mackintosh  states  that  these  scorings  run  obliquely  up  the  sloping 
face  of  the  crag.  Ice  scratches  crossing  valleys  and  running  up  the 
sloping  faces  of  hills  and  over  their  summits  are  the  sure  marks  of 
continental  ice,  which  meet  the  eye  everywhere  in  Scotland.  Dr. 
'Jioholson  found  in  the  drift  covering  the  lower  part  of  the  Crag, 
fefebles  of  the  Coniston  flags  and  grits  from  the  west^ 

^A  ^  Gbolooical  Maoazdtb  for  May  and  Jane,  1870. 

^^  '  Trana,  Edin.  Geol  Soc.,  toI.  i.,  p.  136. 
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The  iiBCt  that'in  Westmoreland  the  direction  of  the  ice-markings, 
a  general  rule,  corresponds  with  the  direction  of  the  main  yalleys, 
is  no  evidence  whatever  that  the  country  was  not  at  one  period 
covered  with  a  continaoos  sheet  of  ice ;  hecause,  for  long  ages  after 
the  period  of  continental  ice,  the  valleys  would  he  occupied  hy 
glaciers,  and  these,  of  course,  would  necessarily  leave  the  marks 
of  their  presence  hehind.  This  is  just  what  we  have  everywhere 
in  Scotland.  It  is  on  the  summits  of  the  hills  and  elevated  ridges, 
where  no  glacier  could  possihly  reach,  that  we  find  the  sure  evidence 
of  continental  ice.  But  that  land-ice  should  have  passed  over  the 
tops  of  hills  1,000  or  2,000  feet  in  height  is  a  thing  hitherto  re- 
garded by  geologists  as  so  unlikely  that  few  of  them  ever  think  of 
searching  in  such  places  for  ice-markings,  or  for  transported  stones. 
Although  little  has  been  recorded  on  this  point,  1  hardly  think  it 
likely  that  there  is  in  Scotland  a  hill  under  2,000  feet  wholly  desti- 
tute of  evidence  that  ice  has  gone  over  it  If  there  were  hills  in 
Scotland  that  should  have  escaped  being  overridden  by  ice,  they  were 
surely  the  Pentland  Hills;  but  these,  as  was  shown  on  a  former 
occasion,^  were  completely  buried  under  the  mass  of  ice  covering 
the  flat  surrounding  country.-  I  have  no  doubt  whatever  that  if  the 
summits  of  the  pennine  range  were  carefully  examined,  say  under 
the  turf,  evidence  of  ice-action,  in  the  form  of  transported  stones  or 
scratches  on  the  rock,  would  be  found. 

Nor  is  the  fact  that  the  Wastdale  Boulders  are  not  rounded  and 
ice-marked,  nor  found  in  the  Boulder-clay,  but  lie  on  the  surface, 
any  evidence  that  they  wen)  not  transported  by  land-ice.  For  it 
would  not  be  the  stones  under  the  ice,  but  those  falling  on  the  upper 
surface  of  the  sheet,  that  would  stand  the  best  chance  of  being  carried 
over  mountain  ridges.  But  such  blocks  would  not  be  crushed  and 
ice- worn ;  and  it  is  on  the  surface  of  the  clay,  and  not  imbedded  in 
\tf  that  we  should  expect  to  find  them. 

It  is  quite  possible  that  the  dispersion  of  the  Wastdale  Boulders 
took  place  at  various  periods.  During  the  period  of  local  glaciers 
the  blocks  would  be  carried  along  the  line  of  the  valleys. 

All  I  wish  to  maintain  is  that  the  transport  of  the  blocks  across 
the  pennine  chain  is  easily  accounted  for  if  we  admit,  what  is  very 
probable,  that  the  great  ice  covering  of  Scotland  overlapped  the 
high  grounds  of  the  North  of  England.  The  phenomenon  is  the 
same  in  both  places,  and  why  not  attribute  it  to  the  same  cause  ? 

There  is  another  curious  circumstance  connected  witli  the  drift  of 
England  which  seems  to  indicate  the  agency  of  an  ice-covering. 

As  for  back  as  1819,  Dr.  Buckland,  in  his  Memoir  on  the  Quartz 
Hock  of  Lickey  Hill,'  directed  attention  to  the  fact,  that  on  the 
Cotteswold  Hills  there  are  found  pebbles  of  hard  red  Chalk  which 
must  have  come  from  the  Wolds  of  Yorkshire  and  Lincolnshire. 
He  pointed  out  also  that  the  slaty  and  porphyritic  pebbles  probably 
came  from  Chamwood  Forest,  near  Leicester.  Mr.  Hull,  of  the  Goo- 
logical  Survey,  considers  that  "  almost  all  the  Northern  Drift  of  this 

^  (jeol.  Mao.  for  June,  1870. 

'  Trans.  Geol.  Soc.,  vol.  v.,  p.  616  (First  Series). 
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part  of  the  oOimtry  had  been  derived  from  the  debris  of  the  rodkB  of 
Midland  Counties/'  ^  He  came  also  to  the  oonclnsion  that  the  i 
fragments  may  have  been  derived  from  Chamwood  Forest  In 
Yale  of  Moreton  he  found  erratic  boulders  from  two  feet  to  three 
in  diameter.  The  same  northern  character  of  the  drift  of 
district  is  remarked  b}'  Professor  Barosay  and  Mr.  Aveline,  in  t 
Memoir  of  the  Geology  of  parts  of  Gloucestershire.  In  Leicei 
shire  and  Northamptonshire  the  officers  of  the  G^logical  Sui 
found  in  abundance  drift  which  must  have  oome  from  Lincolns 
and  Yorkshire  to  the  north-east 

Mr.  Lucy,  who  has  also  lately  directed  attention  to  the  fact  i 
the  Cotteswold  Hills  are  scattered  over  with  boulders  from  Chi 
wood  Forest,  states  also  that,  on  visiting  the  latter  place,  he  fo 
that  many  of  the  stones  contained  in  it  had  come  from  Yorka 
still  further  to  the  north-east' 

Mr.  Searles  Wood,  jun.,  in  his  interesting  paper  on  the  Bonl< 
day  of  the  North  of  England,'  states  that  enormous  quantities  of 
chalk  debris  from  the  Yorkshire  Wold  are  found  in  Leicester,  ] 
land,  Warwick,  Northampton,  and  other  places  to  the  south 
south-west.  Mr.  Wood  justly  concludes  that  this  chalk  debris  cc 
not  have  been  transported  by  water.  '*  If  we  consider,"  he  a 
'*  the  soluble  nature  of  chalk,  it  must  be  evident  that  none  of 
debris  can  have  been  detached  from  the  parent  mass,  either  by  w 
action,  or  by  any  other  atmospheric  agency  than  moving  ice.  ' 
action  of  the  sea,  of  rivers,  or  of  the  atmosphere,  upon  chalk,  w( 
take  the  form  of  dissolution,  the  degraded  chalk  being  taken  uj 
minute  quantities  by  the  water,  and  held  in  suspension  by  it,  ani 
that  form  carried  away;  so  that  it  seems  obvious  that  this  g 
volume  of  rolled  chalk  can  have  been  produced  in  no  other  way  t 
by  the  agency  of  moving  ice ;  and  for  that  agency  to  have  open 
to  an  extent  adequate  to  produce  (a  quantity  that  I  estimate 
exceeding  a  layer  200  feet  thick  over  the  entire  Wold),  notl 
less  than  the  complete  envelopment  of  a  large  part  of  the  Wolc 
ice  for  a  long  period  would  suffice." 

I  have  ali'eady,  on  a  former  occasion,  assigped  my  reasons 
disbelieving  in  the  opinion  that  such  masses  of  drift  could  have  l 
transported  by  floating  ice.^  But  if  we  refer  it  to  land-ice,  i 
obvious  that  the  ice  could  not  have  been  in  the  form  of  L 
glaciers,  but  must  have  existed  as  a  sheet  moving  in  a  south 
south-west  direction,  from  Yorkshire,  across  the  central  pan 
England.  But  how  is  this  to  harmonize  with  the  theory  of  gla 
tlon,  which  is  advanced  to  explain  the  transport  of  the  S 
boulders  ? 

The  explanation  has,  I  think,  been  pointed  out  by  a  writer  in 
''  Glasgow  Herald,"  of  the  26th  November  last,  in  a  review  of 
Lucy*s  paper. 

^  Quart.  Joum.  Geol.  Soc.,  toI.  xi.,  p.  492.    Memoir  of  the  Country  wt> 
Cheltenham.  1857.     Geology  of  the  Country  around  Woodstock,  1869. 

*  Geol.  Mao.,  Vol.  VII.  p.  497.  '  Quart.  Joum.  GeoL  Soc.,  voL  xxri.  p 

*  Philosophical  Magazine  for  NoTemher,  1868. 
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In  my  paper  on  the  Boulder-day  of  Caithness,  I  had  represented 
the  ioe  entering  the  North  Sea  from  the  east  coast  of  Scotland  and 
England,  as  all  passing  round  the  North  of  Scotland.  But  the 
reviewer  snggeets  that  the  ice  entering  at  places  to  the  south  of,  say, 
Flamborough  Head,  would  be  deflected  southwards  instead  of  north- 
wards, and  thus  pass  over  England.  ''  It  is  improl»ablo,  however/' 
says  the  writer,  **  that  this  joint  ice-sheet  would,  as  Mr.  Croll  sup- 
poses, all  find  its  way  round  the  north  of  Scotland  into  the  deep  se^u 
The  southern  uplands  of  Scotland,  and  probably  also  the  mountains 
of  Northumberland,  propelled,  during  tlie  coldest  part  of  the  Glacial 
period,  a  land  ice-sheet  in  an  oastwaixl  direction.  This  sheet  would 
be  met  by  another  streaming  outward  from  the  south-western  part  of 
Norway — in  a  diametrically  opposite  direction.  In  other  words,  an 
imaginary  line  might  be  drawn  representing  the  course  of  some 
particular  boulder  in  the  moraine  profonde  from  England  met  by  a 
Doalder  from  Norway,  in  the  same  straight  line.  With  a  dense  ice- 
sheet  to  the  north  of  this  line,  and  an  open  plain  to  the  soutli,  it  is 
dear  that  all  the  ice  travelling  east  or  west  from  points  to  the  south 
of  the  starting-points  of  our  two  boulders,  would  be  '  shed  '  o£f  to 
the  south.  There  would  be  a  point  somewhere  along  the  line,  at 
which  the  ice  would  turn  as  on  a  pivot — this  jx)int  being  nearer 
England  or  Scandinavia,  as  the  degree  of  pressure  exercised  by  the 
respective  ice-sheets  should  determine.  Tliero  is  very  little  doubt 
that  the  point  in  question  would  be  nearer  England.  Further,  the 
direction  of  the  joint  ice-sheet  could  not  bo  due  south,  unless  the 
pressure  of  the  component  iee-shects  should  he  exactly  c<iual.  In 
the  event  of  that  from  Scandinavia  pressing  with  greater  force,  the 
direction  would  be  to  the  south-west.  This  is  the  direction  in 
which  the  drifts  described  by  Mr.  Lucy  have  travelled." 

I  can  perceive  no  physical  objection  to  this  modification  of  the 
theory.  What  the  ice  seeks  is  the  path  of  least  resistance,  and  along 
this  path  it  will  move,  whether  it  may  lie  to  the  souUi  or  to  t)ie 
north.  And  it  is  not  at  all  improbable  that  an  outlet  to  the  ice 
would  be  found  along  the  natural  hollow  formed  by  the  Valleys  of 
the  Trent,  Avon,  and  Severn.  Ice  moving  in  this  direction  would 
BO  doobt  pass  down  the  Bristol  Channel  and  thence  into  the  Atlantic. 

Might  not  the  shedding  of  the  North  of  England  ice-sheet 
to  the  north  and  south,  somewhere  not  far  from  Stain  moor,  ac- 
count for  the  remarkable  fact  pointed  out  by  Mr.  Searles  Wood, 
that  the  Boulder-olay,  with  Sliap  boulders,  to  tlie  north  of  the 
Wold  is  destitute  of  Chalk,  while  on  the  other  hand,  the 
chalky  Boulder-clay  to  the  soutli  of  the  Wold  is  destitute  of 
Shap  boulders  ?  The  ice  wliich  passed  over  Wastdale  Crag  moved 
to  tbo  E.N.E.,  and  did  not  cross  the  Chalk  of  the  Wold ;  while 
the  ice  which  bent  round  to  the  soiitli  by  the  Wold  caine  from  the 
district  lying  to  tlie  soutli  of  Wastdale  Cnig,  and,  conse([uently,  did 
not  eirry  with  it  any  of  the  granit^^  from  that  Crag.  In  fact,  Mr. 
Si^arlcs  Wood  lias  himself  repr«»seiitod  on  the  map  acoompanyiug  his 
Memoir  this  shedding  of  the  ice  north  and  south. 

These  theontioal  considerations  are,  of  course,  aclvancci  ^^^  'wYi^V, 
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they  are  worth.  Hitherto  geologists  have  been  proceeding  upon  the 
supposition  of  an  ice-sheet  and  an  open  North  Sea ;  but  the  latter  is 
an  impossibility.  But  if  we  suppose  the  seas  around  our  island  to 
have  been  filled  with  land-ice  during  the  glacial  epoch,  the  entire 
Glacial  problem  is  changed,  and  it  does  not  then  appear  so  sur- 
prising that  ice  should  have  passed  over  England. 

V. — On  Dicellogbapsus,  a  New  GEia78  of  Obaftolitss. 

By  John  Hopxnfsoxr,  F.G.S.,  F.R.M.S. 

(PLATE   I.) 

THE  Graptolites  for  which  the  name  DiceUograpsus  is  here  pro- 
posed are  usually  included  in  the  genus  Didymograptus,  which 
is  thus  made  to  comprise  two  groups  of  species  which  are  not  only 
generically  distinct,  but  belong  to  entirely  different  sections  of  the 
Graptolite  family,  the  species  properly  belonging  to  Didymograpaus 
(I>.  Murchisoni  for  example)  having  hydrotheca;  similar  to  those  of 
GraptoUthuSt  while  the  species  erroneously  included  in  the  genus 
(D.  Forchhammeri  and  others)  have  hydrothecaB  of  the  type  of 
ClimacograptuA.  This  was  first  pointed  out  by  Prof.  James  HalL 
In  his  "Graptolites  of  the  Quebec  Group"  (p.  57)  he  removed 
these  species  from  DidymograpsuSf  and  placed  them  in  his  new  genus 
Dicranograptus  ;  the  species  previously  known  as  Diplograpsva 
ramosus  being  considered  the  type  of  the  genus.  To  this  species, 
and  to  another  then  first  described,  the  genus  was  afterwards 
restricted  by  Mr.  Carruthers,  the  remaining  species  being  again 
included  in  Didymograpsus}  Though  fully  agreeing  with  Mr. 
Carruthers  in  thus  restricting  Dicranograptus,  I  cannot  consider  the 
species  removed  from  it  as  having  any  alliance  to  Didymograpsus, 
I  therefore  propose  to  consider  these  species  as  forming  a  distinct 
genus,  the  diagnosis  of  which  is  as  follows : — 

Genus  Dioellograpsus,  gen.  nov.  (from  SUeXXa,  a  fork ;  ypac^, 
I  write). 

Polypary,  consisting  of  two  simple  monoprionidian  branches, 
united  only  at  the  proximal  end,  and  bearing  hjdrothecsB  on  their 
outer  aspect ;  radicle,  or  initial  process,  on  the  same  side  of  the 
polypary  as  the  hydrothecae. 

From  a  slender  radicle,  flanked  by  two  lateral  spines,  the  simple 
monoprionidian  branches  immediately  diverge  in  elegant  symmetrical 
curves;  usually  very  divergent  at  their  origin,  they  soon  become 
less  so,  then  spring  out  again,  and  continue  with  a  slight  inward 
curve,  until,  towards  their  extremity,  they  are  almost  straight. 
They  do  not  appear  to  be  divided  by  any  septum  at  their  origin, — 
the  coenosarc  of  one  branch  most  probably  having  been  continuous 
with  that  of  the  other.  The  solid  axis,  commencing  as  the  initial 
process,  or  radicle,  bifurcates  in  the  axil  of  the  branches,  on  the 
inner  or  dorsal  aspect  of  which  it  may  in  some  species  be  detected. 
In  others  it  cannot  be  made  out  beyond  the  axil,  but  from  analogy 

I  Geological  Magazine,  Vol.  V.,  p.  129. 
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we  suppose  it  is  present  in  all.  In  one  species,  at  the  axil,  the  poly- 
paiy  is  slightly  enlai^ged ;  in  others,  a  spine  of  variable  length  takes 
the  place  of  this  enlargement ;  while  in  another,  the  branches  are 
sometimes  connected  for  a  short  distance  by  a  membrane  very  like 
the  corneous  disc  of  Dichograpstts.  The  hydrothecsB  are  undistin- 
gnishable  from  each  other  for  the  greater  portion  of  their  length, 
from  their  apertures  to  their  proximal  end  being  intimately  united 
with  the  body  of  the  polypary.  Towards  their  distal  end  they  are 
for  some  distance  free,  their  outer  margins  forming  a  continuous 
cmre;  curving  outwards  from  their  commencement,  then  more  or 
less  convex,  nearly  parallel  to  the  axis,  and  slightly  produced  as  a 
rouDded  lobe ;  their  apertures  being  situated,  in  the  rounded,  pouch- 
like cavity  formed  by  this  prolonged  portion.  In  the  several  species 
the  hydrothecsD  differ  more  in  the  extent  of  their  free  portion  and 
the  depth  of  the  cavity,  than  in  general  form,  except  when  the  poly- 
pary is  twisted  so  that  they  appear  in  various  positions  on  the  shcde 
in  which  they  are  imbedded.  Thus  they  are  often  preserved  as 
"Bcalariform  impressions,"  or  with  their  apertures  appearing  as 
transverse  oval  markings  on  the  exposed  surface  of  the  polypary. 
It  is  when  thus  preserved  that  we  realize  most  fully  the  intimate 
alliance  of  this  genus  with  Climacograptus.  Except  for  the  difference 
m  the  width  of  the  polypary,  a  fragment  of  a  branch  of  DiceUo- 
grapsui,  or  of  Dicranograptus,  could  not  be  distinguished  from  a 
fra^ent  of  CUmacograptus, 

There  are  one  or  two  points  in  this  description  which  demand 
special  attention.  In  the  first  place,  the  position  of  the  radicle,  and 
its  relation  to  the  entire  organism,  is  a  controverted  question.  Dr. 
Nicholson,  in  an  elaborate  paper  ''  On  the  British  Species  of  Dtdymo- 
grapsfis,'*  maintains  that  the  spine  I  have  mentioned  as  being 
deTeloped  in  the  axil  of  the  branches,  is  the  true  radicle,  and  conse- 
quently he  has  been  compelled  to  figure  the  species  having  this 
spine  in  an  inverted  position,  while  those  without  it  are  correctly 
figured.*  Mr.  Carruthers  considers  that  (in  this  genus)  the  theoreti- 
ad  position  of  the  initial  process  is  in  the  axil  of  the  branches, 
whether  a  spine  is  present  or  not,*  and  gives  figures  of  species  with 
ind  without  this  spine,  in  their  correct  position ;  thus  making  his 
'initial  process"  proceed  from  the  side  of  the  polypary  which  is 
pposite  its  proximal  or  initial  end.'  Whatever  be  the  nature  of  the, 
o-called,  radicle,  or  initial  process,  it  could  not  occupy  such  a 
K)8ition,  for  in  all  Graptolites  it  unquestionably  forms  the  proximal 
ermi nation  of  the  organism,  and  in  Dicranograptus,  the  most  nearly 
Hied  genus,  and  also  in  several  species  of  other  genera,  it  is  flanked 
»y  two  lateral  spines,  just  as  it  is  in  Dicellograpsus.  The  conclusion 
i  inevitable — this  is  the  true  radicle,  and  the  axillary  spine,  which 
s  only  occasionally  present,  whatever  it  may  be,  is,  as  far  as  we 
310W  at  present,  an  organ  without  its  analogue  in  any  other  genus. 
This  determination  settles  another  disputed  point     Dr.  Nicholson 

*  Ann.  and  Mag.  Nat.  Hist.,  series  iv.,  vol.  v.,  p.  361. 

'  Mr.  Carnithcre  has  verbally  informed  me  that  the  above  is  his  opinion. 

'  Geological  Haoazinb,  Vol.  V.,  1*1,  v. 
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has,  on  more  than  one  occasion,^  nrged  the  importanoe  of  "  defining 
exactly  what  is  understood  by  the  '  angle  of  divergenoe/  sinoe  this 
term,"  he  says,  "  has  been  very  loosely  employed,  and  has  led  to  a 
great  deal  of  confusion."  This  angle  he  correctly  defines  as  the 
angle  included  between  the  branches  on  the  opposite  side  of  the 
polypary  to  the  radicle,  while  the  angle  formed  by  the  branches  on 
the  same  side  as  the  radicle,  he  terms  the  "  radicular  angle."  This 
must  uecessarily  in  every  case  be  the  *^  defect "  of  the  angle  of 
divergence  from  four  right  angles  or  360^,  and  therefore  we  may 
here  disregard  it.  It  is  evident  that  the  correct  use  of  either  term 
depends  upon  our  right  conception  of  the  position  of  the  radicle. 
A  perusal  of  Dr.  Nicholson's  paper  on  ''  Didymograpsus  "  will  show 
that  whatever  confusion  previously  existed  upon  this  point,  would,  to 
say  the  least,  be  greatly  increased  if  we  were  to  consider  the  axillary 
spine,  when  present,  as  the  true  radicle,  and  when  it  is  not  present 
were  to  take  the  proximal  spine  as  the  radical;  and  this  is  just  what 
he  has  done,  lliat  this  latter  does  represent  the  radicle,  whether 
the  axUlaiy  spine  is  present  or  not,  I  have  already  shown,  and  thus 
the  determination  of  the  true  angle  of  divergence  is  rendered  certain. 
Li  Didymograpsus  it  is  the  angle  included  within  the  polypiferous 
margins  of  the  branches ;  in  DiceUograpms  and  Dicranograptua  it  is 
the  angle  included  within  the  dorsid  or  non-polypiferous  margins.* 
In  neither  genus  is  it  known  to  exceed  two  right  angles,  or  180®. 

We  have  next  to  consider  the  evidence  we  possess  of  the  con- 
tinuity of  the  CGsnosaro  of  the  two  branches.  The  beautiful  symme- 
try of  the  branches  favours  the  idea  that  they  were  connected  at 
their  origin  by  living  tissue  ;  the  continuous  or  unbroken  curve 
bi^tween  the  branches  in  the  spineless  species,  points  to  the  same 
conclusion  ;  and  no  dividing  septum  has  been  observed.  But,  in  the 
absence  of  specimens  preserved  in  the  round,  we  can  get  no  section, 
and  therefore  cannot  be  certain  upon  this  point.  In  Dicrano* 
graptm  we  are  equally  uncertain,  for  in  two  of  its  species  (2>.  ramo8Ui 
and  D.  Clingani)  the  stem  divides  acutely  into  branches,  the  peri- 
derm of  each  branch  seemingly  being  continued  through  the  stem ; 
while  in  the  other  three  species  (D.  sextans,  D.  formosus,  and 
D.  Nicholsoni)  the  periderm  of  one  branch  seems  continuous  with 
that  of  the  other,  as  in  Dicellograpsus ;  apparently  showing  that 
in  these  species  at  least  the  branches  are  organically  connected ;  and 
I  believe  this  will  be  found  to  be  the  case  throughout  both  these 
genera,  and  also  in  their  near  ally  Climacograptus, 

The  hydrothecsB  are  similar  in  form  and  structure  to  those  of 
DicranograptuSf  and  as  these  have,  in  a  previous  paper,'  been  fully 
described,  and  shown  to  agree  in  all  essential  points  of  structure 
with  the  hydrothecsB  of  Climacograptus,  1  will  here  only  draw  atten* 
tion  to  the  fact  that  these  three  genera  form  a  distinct  and  well* 
marked  group  of  the  Graptolite  family,  dififering  from  all  others  in 
the  form  and  structure  of  their  hydrothecse. 

^  Ann.  and  Mag.  Nat.  Hist,  series  iv.,  toI.  iv.,  p.  240 ;  toI.  t.,  p.  338. 
'  In  Diplograpsut^  Cephalograpsut,  and  Climacograptutf  theoretically,  the  SDgle  of 
divergence  is  nU^  while  the  radicular  angle  is  360^ 
'  QsoLOQiOAL  Maqazimb,  Yol.  YII.,  p.  863. 
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Hie  genus  DieeUograpiut  is  exolasively  Lower  Silurian,  and  in  bur 
Lower  Silurians  is  eminently  characteristic  of  the  Llandeilo  forma- 
tioQ,  as  developed  in  the  south  of  Scotland.  Not  a  single  species 
bas  hitherto  been  detected  in  the  Arenig  of  the  British  Isles  or  other 
ommtries,  in  the  Llandeilo  of  Wales,  nor  in  the  Caradoc  of  West- 
moreland, Wales,  or  Scotland;  while  in  the  Llandeilo  rocks  of 
Damfriesshire,  which  are  most  probably  very  near  the  base  of  the 
Caradoc,  all  its  species  are  found.  Two  species  occur  in  Ireland, 
anociated  with  otber  Llandeilo  graptolites,  the  general  fauna  being 
of  Caradoc  age.  One,  D.  Moffatensis,  occurs  in  the  Caradoc  of  New 
York,  and  another,  D.  Forchhnmmeri,  the  earliest  known  species,  was 
(riginally  described  from  the  Island  of  Bornholm,  where  it  occurs  in 
strata  which  most  probably  represent  the  Caradoc  formation.  It 
seems,  therefore,  most  probable  that  the  genus  first  appeared  in  the 
locality  where  it  most  abounds — where  it  is  both  specifically  and 
Aomerically  abundant — and  that  from  this  locality  (Dumfriesshire) 
it  has  migrated  elsewhere. 

The  genus  comprises  the  following  species : — 

1.  DieeUograp8U8  Forchhammeri,  Gein.,  sp.  Cladograpsus  Forch^ 
lammeri,  Gein.  (1852),  Die  Graptolithen,  p.  31,  pL  v.,  fig.  28-31. 
IHdfmograp8U8  Forchhammert,  Baily  (1862),  Expl.  Sh.  133,  GeoL 
Surv.  Irel.,  p.  14,  fig.  6.  Joum.  Geol.  Soc.  DubL,  vol.  ix.,  p.  305, 
pi.  iv.,  fig.  7.— PL  L,  Fig.  1. 

Branches  of  polypary  nearly  straight,  diverging  from  each  other 
at  a  wide  angle,  and  with  a  long  and  slender  axillary  spine. 
Hydrotbecse  about  25  to  the  inch ;  two  or  three  times  as  long  as  the 
width  of  the  polypary,  and  free  for  but  a  small  portion  of  their 
length.     Badicle  and  lateral  spines  very  minute. 

The  long  and  slender  branches,  yarying  in  different  indiyidnalB  from  l-60th  to 
l*30th  of  an  inch  broad  at  their  origin,  gradually  increase  until  a  breadth  of  fully 
l-20th  of  an  inch  is  attained;  in  the  loneest,  and  therefore  oldest,  individuals, 
becoming  narrower  towards  the  distal  end.  They  diverge  at  an  an^le  of  from  90  to 
120  degrees,  and  attain  a  length  of  several  inches.  The  axillary  spine  is  always  well 
developed,  is  frequcntljr  more  than  l-20th  of  an  inch  long,  and  averages  1 -200th  in 
breadth.  The  radicle  is  usually  very  minute,  but  in  some  specimens  it  ends  abruptly 
without  coming  to  a  point,  appearing  as  if  it  had  been  broken.  The  very  slender 
Uteral  spines  proceed  from  near  the  apex  of  the  first  formed  theco),  and  diverge  from 
each  other  at  a  wide  angle.  The  nydrotbecsB,  which  are  very  similar  in  all  the 
species  of  this  genus,  are  for  a  very  short  distance  free,  and  this  free  portion  is  closely 
appressed  to  the  body  of  the  polypary,  and  sometimes  very  much  incurved.  At  about 
lulf  their  length  they  are  slightly  indented,  and  opposite  this  depression  the  back  of 
thepolypary  is  slightly  enlar^d,  giving  it  a  waved  appearance. 

Ine  persistent  and  usually  very  conspicuous  axillary  spine  should  suffice  to  prevent  this 
ipecies  being  considered  identical  with  J).  Moffatensis,  But  as  yet  D.  Forchhammert 
MS  never  been  correctly  figured,  or  fully  described.  Neither  from  Gcinitz'  nor  from 
Bsily's  figures  (all  we  have),  could  the  character  of  the  proximal  end  be  determined. 
Three  of  Geinitz*  figures  (29,  30,  and  31)  show  the  axillary  spine;  in  the  other  (28) 
it  is  not  shown ;  but  this  is  only  a  restoration  from  a  single  branch,  according  to 
GeiDitz  himself.^  The  enlar^d  drawing  (28fl),  intended  to  show  the  structure  of  the 
bydrothecsB,  is  incorrect.  The  "  round  eyes,"  which  are  figured  and  described  as  the 
iperturcs  of  the  hydrothecae,  are  merely  the  indentations  between  each  theca ;  the 
apertures  themselves,  though  opening  out  towards  these  indentations,  are  not  visible. 
Ar.  Baily  appears  to  have  had  the  same  idea  of  this  structure  as  Geinitz. 

1  Die  Grapt.,  expl.  pi.  y.  fig.  28. 
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In  our  only  other  description,  that  of  Mr.  Carmthen,^  the  presence  of  the  axiHary 
spine  is  recognized,  and,  for  the  first  time,  the  species  is  statea  to  hare  three  proximsLi 
spines,  the  central  one  heing,  as  I  have  shown«  the  true  radicle.  Of  the  hydrothecsB, 
however,  he  merely  says  that  they  are  **  not  rery  marked,  in  contact  t^ironghont  their 
whole  length  ;  ahont  28  in  an  inch." 

Loc.  Llandeilo  ;— Dobh's  Linn  and  Hartfell,  near  Moffat,  Dumfriesshire.  Carmtoc: 
— Kilnacreagh,  Co.  Clare,  Ireland.*    Bomholm,  Baltic  S^ 

Dicellograpsua  Morrisii,  sp.  noY.  Didymograpsus  flaccidua,  Nich. 
(1867),  Geol.  Mag.,  Vol.  IV.,  p.  110,  PI.  VUL,  Fig.  1-3.  Didymo- 
grapsua  elegans,  Carr.  (in  part),  Gbol.  Mao.,  Vol.  V.,  PL  V.,  Fig.  86 
and  8c  {non  Graptolithus  fiaccidua,  Hall). — PL  L,  Fig.  2. 

Branches  of  polypary  slightly  curved,  diverging  from  each  other 
at  an  angle  of  from  40  to  60  degrees,  and  with  a  short,  obtuse,  axil- 
lary spine.  Hydrothecffi  from  25  to  80  to  the  inch;  twice  as  long  as 
the  width  of  the  polypary,  and  free  for  about  a  third  their  length. 
Eadicle  and  latersd  spines  short  and  thick — rarely  slender. 

The  branches,  frequently  not  l-60th  of  an  inch  broad  at  their  orisin,  rapidly 
widen,  and  maintain  an  average  width  of  l-20th  of  an  inch  throughout  tneir  length. 
At  first  widely  divergent,  they  almost  immediately  attain  their  normal  poaitioD, 
making  an  angle  with  each  other  of  about  40  degrees ;  they  then  gradually  widen, 
increasing  this  angle,  and  again  curve  sUgbtlr  inwards,  making  the  same  angle  as 
before.  The  persistent  axillary  spine  varies  from  l-60th  to  l-30th  of  an  inch  in 
length ;  the  radicle  and  its  lateral  spines  usually  corresponding  with  it,  and  with  each 
other,  in  form  and  size.  The  hydrotheca)  differ  but  little  from  those  of  D.  Foreh- 
hammeri.  They  are  a  little  more  prominent,  but  scarcely  so  much  elongated,  and 
more  frequently  appear  as  scalariform  impressions.  Opposite  the  depression  in  each 
hydrotheca,  in  well-marked  impressions,  a  row  of  minute  pustules,  or  scan,  may  be 
ODScrved. 

From  7).  Forchhamnieri  this  species  differs  in  the  general  form  of  the  polypary, 
and  the  lesser  divergence  of  its  branches ;  in  its  shorter  axillary  spine,  and  more 
conspicuous  radicle. 

From  Hall's  Graptolithus JIaccidut,  for  which  it  has  been  mistaken  by  Dr.  Nichol- 
son, it  is  genericuUy  distinct.  In  this  species  the  radicle  is  on  the  opposite  side  of 
the  polypary  to  the  hydrotheca),  the  branches  diverge  at  an  angle  of  about  180 
degrees,  and  the  hydrothccae  are  of  a  very  different  form.  From  their  similarity — in 
the  specimens  I  have  examined,  as  well  as  in  Hall's  figure' — to  those  of  the  genus 
NemagrapHtis  of  Emmons  ( =  CladograpsuSy  Carmthers),  I  believe  G,  flaceidut  will 
prove  to  belong  to  this  genus,  though  it  is  not  as  jet  known  to  have  secondary 
tranches.  From  J),  elegans,  as  the  youn^  form  of  which,  Mr.  Carruthers  has  figured 
it,  D.  Morrisii  may  be  distinguishea  by  its  possession  of  an  axillary  spine,  and  by 
the  form  and  dimensions  of  the  polypary. 

I  dedicate  this  species  to  ray  valued  friend.  Professor  Morris,  who  has  always,  from 
his  g^eat  store  of  scientific  knowledge,  most  generously  assisted  me  in  my  researches. 

Loc.  Llandeilo  : — Beld  Craig  Bum,  Dobh's  Linn,  and  Hartfell,  near  Moffat, 
Dumfriesshire.    (In  black  anthracitic  shale).   Bilberry  Rock,  Waterford,  Lreland  (?}. 

3.  DIcellograpsm  elegans,  Carr.,  sp.  Didymograpaus  elegana,  Carr. 
(1868),  Geol.  Mag.,  Vol.  V.,  p.  129,  PI.  V.,  Fig.  8a  {non  86  and  8c). 
—PI.  I.,  Fig.  3. 

Branches  of  polypary  slightly  curved  and  very  slender,  diverginjf 
from  each  other  at  various  angles,  and  slightly  enlarged  in  the  axil. 
Hydrothecse  about  25  (rarely  fewer)  to  the  inch ;  two  or  three  times 

1  Geol.  Mao.  Vol.  V.  p.  129. 

'  The  specimen  in  the  Geological  Museum  (Draw.  vi.  Tablet  19),  labelled 
"  Lidymograpnus  sextans,  Kilnacreagh,"  is  a  good  example  oi DietUograpnu  Ibrchham- 
fnerif  showing  the  axillary  spine,  though  indistinctly. 

«  Grspt.  Quebec  Group,  pi.  ii.,  fig.  19. 
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aa  long  as  the  width  of  the  polypary,  and  verj  distinct  and  deeply 
divided.     Badide  and  lateral  spines  always  well  developed. 

From  their  origin  to  their  distal  end,  seldom  exceeding  l-40th  of  an  inch  in 
fareadth,  the  graceniUy  curred  branches  present  an  aspect  very  different  from  that  of 
any  other  speciea.  Springing  from  the  median  radicle  in  opposite  directions,  just 
beyond  the  lateral  spmes,  ana  where  the  hydrothecss  first  commenoe,  they  take  a 
sodden  bend  which  sometimes  brings  them  nearly  parallel ;  they  then  spring  ont 
again,  making  a  Tery  wide  angle  with  each  other,  and  again  curve  gracefully  inwards, 
gradually  becoming  almost  straight.  The  slight  enlargement  in  the  axu  is  not  so 
marked  as  in  any  way  to  represent  a  s^ine.  It  is  sometimes  almost  imperceptible. 
The  radiele  is  abont  l-30th  of  an  inch  in  length,  the  lateral  spines  being  somewhat 
shorter,  and  diverging  very  slightly  from  each  other.  Owing  to  the  slender  nature 
of  the  branches,  ana  their  consequeut  liability  to  twist  and  expose  to  view  different 
soi&cea  of  the  polypary,  the  hydrothecs  appear  to  vary  very  much  in  form,  and  are 
frequently  presenrea  as  scalariform  impressions. 

Mr.  Carmthers  figures  two  distinct  species  as  D.  eitgant.  His  "  two  young  speci- 
mens *'  (Fig.  86  and  8<;]  differ  from  V.  $Ugan8  (Fig.  8a)  in  the  presence  of  a  well- 
devdoped  axillair  spine,  in  the  general  form  of  the  polypary,  and  in  the  form  of  the 
hydrotnecse ;  ana  are  referable  to  i>.  Morrini.  I  have  never  seen  D.  elegans  with 
thecs  so  slightly  divided,  or  rather  with  the  indentations  between  them  extending 
for  sach  a  aught  distance  across  the  polypary,  as  is  shown  in  the  enlarged  figure  (8<f ), 
so  suppose  that  this  also  should  be  referred  to  D,  Morrmi,  though  it  really  more 
neariy  resembles  D,  Moffattnsia. 

Ijoc  Llandnlo  : — Dobb's  Linn  and  Hartfell,  near  Moffat,  Dumfriesshire. 

4.  DieeUograpstiS  MoffatensiSy  Carr.,  sp.  Didymograpsus  Moffatensis. 
Carr.  (1858),  Proc.  Royal  Phys.  Soc.  Edin.,  vol.  L,  p.  469,  fig.  3, 
Qraptolithus  divaricatua,  Hall  (1859),  Pal.  New  York,  vol.  iii., 
SuppL,  p.  513,  fig.  1-4.  Dicranograptus  divaricatuSf  Hall  (1865), 
Grapt.  Quebec  Group,  p.  57.  Didymograpsus  divaricatm,  Nich. 
(1870),  Ann.  and  Mag.  Nat.  Hist,  series  iv.,  vol.  v.,  p.  351,  pi.  vii., 
fig.  4.— PL  I.,  Fig.  4. 

Branches  of  polypary  slightly  curved,  diverging  from  each  other 
at  a  considerable  angle,  and  frequently  connected  at  their  origin  by 
a  corneous  membrane.  Hydrothecae  from  20  to  25  to  the  iuch,  as 
long  as  the  width  of  the  polypary,  and  free  for  about  half  its  width. 
Badicle  and  lateral  spines  long  and  slender. 

The  branches,  about  l-40th  of  an  inch  broad  at  their  origin,  gradually  widen, 
attaining  a  width,  towards  their  distal  end,  of  l-25th  of  an  inch.  Diverging  rather 
scutely  at  their  origin,  they  slightly  expand  for  a  short  distance,  continuing  with  a 
slight  inward  curve  throughout  their  length ;  their  angle  of  divergence  being  from 
60  to  90  degrees  or  more.  They  are  frequently  united  for  about  l-20th  of  an  inch 
by  a  corneous  membrane,  and  are  then  less  divergent  than  when  they  are  not  so 
onited.  The  radicle,  in  some  specimens,  appears  to  bo  only  a  slight  mucronate 
extension  of  the  polypary,  and  tne  lateral  spines  are  scarcely  perceptible ;  but  in 
others  it  is  fully  l-20th  of  an  inch  long,  the  lateral  spines  being  aoout  half  this 
length,  and  diverging  slightly  from  each  other.  The  hydrothecae  are  not  so  deeply 
divided  in  proportion  to  tne  width  of  the  polypary  as  in  any  other  species.  They  are 
very  gracefully  curved,  and  have  no  depression  as  in  I).  Forehhammerx  and  i>. 
Morruii  ;  their  free  portions  curving  slightly  inwards  towards  the  body  of  the  poly- 
pary. Hall  states  that  "the  surface  is  marked  by  a  row  of  small  nodes  placed 
obliquely  to  the  direction  of  the  axis,  and  situated  just  below,  and  a  little  on  one 
side  of  the  bottom  of  the  serrature,"  but  in  British  specimens  these  have  not  been 
detected. 

The  entire  absence  of  an  axillary  spine  suffices  to  distinguish  this  species  from  all 
others  but  B,  eleganH^  and  from  this  it  differs  in  the  form  and  dimensions  of  the 
polypary ;  the  branches  being  more  robust  and  not  so  much  curved,  and  ori^^in&Un.^ 
at  a  more  acute  angle  than  in  D,  eU^ans, 
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Log.  Llandeilo: — DobVs  lina,  HaitfeU,  snd  Oleiikihi  Bum,  near  Moffat,  Dum- 
friesehire.^     Caradoe : — ^Albany,  New  York  (Hndaoa  Birer  Group). 

5.  DteeUograpBMs  aneeps,  Nich.,  sp.  JDidymagrapsus  anceps,  Nich. 
(1867),  Geol.  Mag.,  VoL  TV.,  p.  110,  PI.  VIIL,  Fig.  18-20.— PL  L, 
Fig.  5. 

Branches  of  polyparj  nearly  straight,  diyerging  from  each  other 
at  a  very  small  angle,  and  with  or  without  an  axillary  spine. 
Hydrothecse  from  25  to  30  to  the  inch ;  as  long  as  the  width  of  the 
polypary,  and  free  for  about  half  its  width.  Badide  and  lateral 
spikes  not  known. 

The  branches  are  ^  rery  little  narrower  at  tiieir  origin  than  elaewhere,"  and  retain 
a  nearly  uniform  width  of  about  l-20tb  of  an  inch,  varyine  slightly  in  different 
individuals.  They  diverge  from  each  other  at  an  angle  of  nt>m  6  to  10  degrees. 
The  axillary  spine,  when  present,  raries  in  len^  *<  from  a  mere  node  up  to  nearly 
one  line/'  In  the  few  q>ecimens  as  yet  obtained,  no  radicle  or  lateral  spines  have 
been  detected.  The  hydrotbecie  differ  out  little  from  those  of  the  other  species  of  this 
genus.  They  are  described  as  having  '*  their  outer  margins  curved  and  nearly  parallel 
to  the  axis ;"  they  are  rounded  off  distally,  and  their  apertures  open  towards  oblique 
pouch -like  indentations,  as  in  the  other  species  of  Dieeltoffrapstu,  In  some  specimens 
the  first  few  hydrothecsB  "are  provided  each  with  a  short  blunt  spine  proceeding  from 
the  centre  of  their  outer  margins;"  and  sometimes  there  are  minute  pustules  in 
the  centre  of  each  hydrotheca. 

Not  having  seen  this  species,  I  have  drawn  op  the  above  description  fttmi  that  giTen 
by  Dr.  Nicholson  in  his  paper  on  '*  IHiiymo^aptus,"  For  its  specific  distinctness, 
the  small  angle  of  divergence  of  the  branches,  the  presence  of  an  axillary  spine,  and 
the  absence  of  proximal  spines,  are  the  chief  points  relied  on. 

Loc.  LlancUilo  : — DobVs  Linn,  Moffat,  Dumfriesshire. 

Perhaps  I  may  here  be  permitted  to  express  m^r  obligations  to  Mr.  Carruthers,  who 
Tcry  kindly  allowed  me  to  select  from  his  extensive  collection  of  Graptolites  most  of 
the  specimens  from  which  the  figures  in  the  accompanying  plate  have  been  drawn ; 
and  to  Mr.  £tberidge,  for  enabling  me  to  examine  the  collection  in  the  Museum  of 
Practical  Geology. 

EXPLANATION  OP    PLATE  L 

Pig.  1.  Dicellograptu*  ForehhamfMri,  Gein.,  sp.  la.  A  specimen  natural  size.  I*. 
A  portion  of  the  same  magnified  6  diameters,  le.  The  proximal  end  of 
the  same  mag.  1 0  dia.  id.  Part  of  a  branch  of  another  specimen  slightly 
restored,  mag.  5  dia.  (for  comparison  with  Geinitz'  fig.  28a). 

Fig.  2.  Bicelloffraptus  Morriiii,  Hopk.  2a,  A  specimen  nat.  size.  2b,  A  portion 
of  the  same  ma^.  6  dia.  2c,  A  specimen  much  bent  and  showing  pro- 
longed sohd  axis,  nat  size.  2d.  Part  of  the  same  mag.  6  dia.  2e.  'A 
young  specimen  nat.  size.  2/  Part  of  the  same  mag.  6  dia.  2g.  One 
much  younger,  nat.  size.    2A.  The  same  mag.  5  dia. 

Pig.  3.  Dicellograpiut  eUgatu,  Carr.,  sp.  3a.  A  specimen  nat.  size.  3*.  Two 
hydrothecsB  of  the  same  mag.  10  dia.  ic.  Another  specimen  nat  size. 
Zd.  The  proximal  end  of  the  same  mag.  6  dia.  3*.  The  extremity  of  a 
branch  of  the  same  mag.  5  dia. 

Rg.  4.  Dic€llograptu9  Mofatmtis,  Carr.,  sp.  4a.  A  specimen  nat  size.  45.  Part 
of  the  same  mag.  6  dia.  (The  branches  in  this  specimen  diverge  at  a 
smaller  angle  than  usual). 
f||.  6.  DiceUoffrapaus  aneeps,  Nich.,  ro.  6a,  A  specimen  nat  size.  6b,  A  portion 
of  a  branch  mag.  6  dia.  (Kestoied  from  the  drawings  and  descriptions 
of  Dr.  Nicholson.) 


iby,  in  his  «  TJesaurus  Sfluricus,"  (p.  82)  gives  «  West  of  Stiper  Stones, 
iU  a  locality  for  this  species,  but  this  is  most  probably  an  errw. 
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I.— On  thk  Paballel  Bidobs    of    Gi^^oial  Dbift  in    Eastebit 
Massaohusetts.    By  Professor  N.  S.  Shaleb. 

(Proc  Boston  Society  of  Nat.  Hist,  toI.  xiii.,  Februarj,  1870.) 

IN  the  immediate  neighbourhood  of  Boston  the  unstratified  Drift 
does  not  lie  in  anything  like  a  continuous  sheet,  but  is  dis- 
tributed in  long  and  rather  narrow  ridges,  which,  with  varying 
height,  on  account  of  long-continued  denudation,  may  be  traced  for 
miles  across  the  country.  These  ridges  are  particularly  conspicuous 
in  the  islands  of  the  harbour  of  Boston,  where,  although  much  worn 
by  the  action  of  tidal  currents,  the  parallelism  is  quite  apparent, 
lliey  exhibit  two  sets  of  trends,  the  one  being  north-west  and  south- 
east, the  other  north-east  and  south-west ;  and  a  comparison  of  the 
sections,'  given  at  various  points  in  the  islands  of  the  harbour,  at 
Chelsea,  Somerville,  Cambridge,  Brighton,  South  Boston  and  else- 
where, has  shown  that  throughout  this  region  the  Drift  is  remarkably 
similar  at  the  same  height  above  the  sea. 

The  Drift  contains  pebbles  of  various  sizes,  five-foot  boulders,  and 
firagments  of  every  gradation  dovm  to  coarse  sand.  The  whole  is 
imbedded  in  a  fine  mud,  which  so  binds  the  materials  together  that, 
in  the  lower  parts  of  the  mass,  where  it  has  been  subjected  to  con- 
siderable pressures,  it  has  become  a  hard  conglomerate.  Nowhere 
is  there  any  attempt  at  stratification. 

In  regard  to  the  origin  of  these  Drifts,  Professor  Shaler  agrees 
with  Agassiz  in  considering  them  as  the  materials  which  rested  in  £ind 
upon  the  glacial  sheet  at  the  close  of  its  history,  and  which  were 
dropped  in  the  places  they  now  occupy  by  the  melting  of  the  ice 
upon  which  they  rested.  As  this  Diift  deposit  must  have  originally 
been  at  least  one  hundred  and  fifty  feet  thick,  it  is  difficult  to  con* 
oeive  how  such  a  mass  of  detritus  as  that  in  question  could  have  ever 
been  contained  in  a  glacial  stream,  and  the  supposition  is  necessary 
that  the  mass  of  the  Drift  must  have  been  rent  from  the  floor  of  the 
gla(Mer  as  it  moved  along. 

But  there  is  evidence,  according  to  Professor  Shaler,  that  the 
glacial  sheet  was  at  many  points  over  half  a  mile  in  depth,  and, 
therefore,  this  action  may  readily  be  conceded  to  it. 

Moreover,  in  a  section  exposed  at  Cambridge,  large  masses  of  the 
day  slate,  grooved  and  scratched  by  long  working  on  the  solid  rock, 
were  found  in  the  Drift,  at  a  height  of  several  feet-  above  the  bed 
from  which  they  had  been  torn. 

It  follows,  as  the  author  observes  (if  these  conclusions  be  ac- 
cepted), that  this  deposit  of  detrital  matter  must  have  covered,  with 
something  like  uniformity,  the  whole  of  this  part  of  the  coast ;  and 
indeed  the  relation  of  the  separate  masses  of  Drift  is  irreconcilcable 
with  any  other  hypothesis — for  they  could  not  be  the  terminal  or 
lateral  moraines  of  a  glacier. 

The  cause  of  the  peculiar  parallelism  of  the  two  series  of  ridges 
is  difficult  to  arrive  at;  but  it  is  known  that  the  diatncl  ^tqwxA 
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Boston  is  affected  by  two  lines  of  upheaval,  each  marked  by  dykes 
and  by  considerable  dislocations  of  strata.  With  the  direction  of 
these  disturbances  the  lines  of  Drift  exactly  correspond,  and  Pro- 
fessor Shaler  concludes  that  these  Drift-hiUs  are  only  cappings  of 
glacial  detritus  lying  upon  ridges  of  the  more  solid  rock  of  the 
country ;  the  solid  pedestal  having  prevented  the  wearing  action  of 
the  streams  from  affecting  the  detrital  matter  which  rested  upon 
them.     He  concludes  with  some  remarks  upon  the  Glacial  period. 

IL — ^The  Mammalia  and  otheb  Bkmains  from  Dsift  Deposits  in 

THE  Bath  Basin. 

By  Cha&lbs  Moo&s,  F.G.S. 

[A  Paper  read  before  the  '*  Bath  Natural  History  and  Antiquarian  Field  Glnb." 

Sto.    Bath,  1870.  J 

THE  ''  Drift  deposits"  here  described  comprise  the  Alluvial  beds 
and  Post-Pliocene  graTels,  due  to  the  action  of  fresh  water,  and 
which  }iav6  been  deposited  in  the  valleys  since  the  country  assumed 
the  general  physical  configuration  which  it  now  possesses.  Although 
mnxci  of  the  derived  materials  have  been  brought  from  considerable 
(liHUiiiceH,  in  general  they  have  been  washed  down  from  the  higher 
gnjiiiirlH,  or  from  the  sides  of  the  valleys  upon  which  the  ancient 
strc^iiuH  operated,  in  much  greater  volume  than  those  which  now 
follcjw  their  courses. 

The  area  to  which  Mr.  Moore's  remarks  are  applied  comprises 
the  low  ground,  west  of  Bath,  and  the  valleys  running  immediately 
out  of  it  to  the  east,  namely,  those  of  Box,  and  that  extending  by 
way  of  Lirapley  Stoke  and  Freshford  to  Bradford. 

He  treats  first  of  the  Historic  Period,  mentioning  the  disoovery, 
at  a  spot  twelve  feet  below  the  city  of  Bath,  of  two  stone  coffins,  in 
which  lie  obtained  a  small  collection  of  fossils,  which  had  been 
washed  in.  Mr.  Moore  shows  that,  subsequently  to  the  Eoman 
occupation,  the  area  upon  which  Bath  stands  became  a  swamp,  as 
remains  of  this  period  occur  covered  up  by  mud,  vegetable  remains, 
and  drift  wood,  the  deposit  in  some  instances  being  almost  converted 
into  peat.  Mixed  with  it  are  many  mammalian  remains.  He 
explains,  by  means  of  well-sections,  the  characters  and  thicknesses 
of  the  different  deposits  of  Historic,  Pre-Historic,  and  Post-Pliocene 
times,  which  are  met  with  in  the  vicinity  of  Bath. 

Under  the  term  *' Mammal  Drift"  are  included  all  the  gravel 
deposits  of  the  district  In  it  are  found  remains  of  Elephas  primi- 
genius,  E.  on/tguus,  Bhinoceros  tichorhinm,  Ovihos  moschatiiSy  Wild 
Soar,  Horse,  Beindeer,  and  Bos  primigenius.  No  traces  of  Man  have 
fts  yet  been  determined. 

Sir.  Moore  gives  lists  of  the  land  and  freshwater  mollusca,  and 
other  remains  from  the  different  drifts,  and  he  also  records  the 
fpecies  of  derived  fossils  which  he  has  met  with  in  them.  Conclud- 
^^^  with  some  theoretical  remarks,  he  expresses  his  opinion  that 
evidences  of  glacial  action  occur  in  the  deep  and  long-continued 
rg  in  the  stiff  Liassio  clays  on  which  the  Mammal  Drift  now 

H.  B,  W. 
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I— Thi  Gratslb  of  the  Sevebn,  Avon,  and  Evenlode,  and 
THSTR  Extension  oveb  the  Cotteswold  Hills.  By  W.  C. 
LuoT,  F.G.S.,  F.A.S.L. 

ONE  of  our  most  important  local  societies  is  the  Cotteswold 
NaturaliBts'  Field  Club,  both  in  subject-matter  and  illustration; 
its  volumes  of  Proceedings  maintain  a  high  value,  and  will  bear 
favourable  comparison  with  those  of  any  other  natural  history  club. 

I%e  number  last  issued  (being  the  volume  for  1869)  contains  two 
elaborate  papers,  one  by  Dr.  Wright,  to  which  we  drew  attention  in 
the  December  Magazine;  the  ol£er  by  Mr.  Lucy,  which  forms  the 
subject  of  our  present  remarks. 

This  paper  is  illustrated  by  an  excellent  geological  map,  which  at 
(mce  attracts  notice.  It  is  on  the  scale  of  half  an  inch  to  one  mile, 
and  includes  the  country  between  Chipping  Norton  and  the  Malvern 
Range  in  one  direction,  and  between  Stroud  and  Alcester  in  the 
other.  Few  districts  of  equal  size  contain  so  great  a  variety  of 
geological  formations,  for  in  it  are  to  be  met  with  representatives  of 
ahnofit  every  rock,  from  the  Lower  Llandovery  to  the  Oxford  Clay. 
The  boundiuries  of  these  several  formations  seem  to  have  been  very 
carefully  drawn,  and  the  colours  by  which  they  are  represented  are 
dear  and  distinctive.  But  we  should  mention,  as  the  author  of  the 
paper,  through  an  oversight,  has  omitted  to  do  so,  that  this  part  of 
the  m}^  has  been  reduced  from  the  Geological  Survey  Sheets 
(chiefly  from  Nos.  43,  44,  45,  and  54),  and  the  colours  adopted  are 
the  same  in  each.  It  is  not,  however,  with  these  formations  that 
the  present  paper  deals  ;  nor  is  the  map  entirely  a  reproduction  on  a 
smaller  scale  of  the  work  of  our  Government  field-geologists.  The 
distribution  of  the  Quaternary  gravels,  as  traced  out  with  great  care 
and  labour  by  Mr.  Lucy,  is  denoted  by  means  of  coloured  dots  over 
the  various  subjacent  formations,  and  it  is  this  which  gives  a  special 
value  to,  as  it  is  the  principal  object  of,  the  map.  The  gravels 
which  are  represented  are  included  under  two  heads,  namely, 
"  Northern  Drift,"  and  "  Oolitic  Gravel." 

The  author  first  treats  of  the  geological  position  and  physical 
characters  of  the  various  beds  of  gravel,  and  then  explains  his  views 
of  their  origin  and  age. 

The  Oolitic  gravel  appears  to  be  chiefly  composed  of  Secondary 
rocks,  to  be  of  local  derivation,  lying  near  and  flanking  the  Cottes- 
wold Range,  towards  which  it  increases  in  thickness. 

The  name  Northern  Drift  is  applied  to  gravels  containing 
materials  derived  from  nearly  every  formation,  from  the  Silurians  to 
the  Chalk,  besides  Igneous  rocks ;  and  associated  with  it  is  a  good 
deal  of  fine  quartzose  sand.  With  the  exception  of  a  trace  of 
Oolitic  gravel  at  Highnam,  all  the  gravel  on  the  western  side  of  the 
Severn  belongs  to  this.  On  the  other  side  both  gravels  are  found, 
and  where  they  come  together,  as  at  Gloucester,  the  Oolitic  gravel 
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vkx.s  ujvu  the  Northern  drift.  But  this  latter  gravel  occurs  at  all 
,\'\:<.Kuis,  W\\\%  found  at  the  height  of  750  feet  on  the  Cotteswolds, 
.V.'.,:  .**sk»  l\  ing  in  terraces  15  to  50  feet  above  the  river-levels. 

V!\o  Northom  drift,  which  at  Cropthome  was  described  by  Mr. 
SiMv'kLuid,  wntains  mammalian  remains  and  numerous  species  of 
'  'o'tusv'j*  -marine,  land,  and  freshwater.  80  feet  is  the  highest 
w^it'.t  Ht  which  the  mammalian  remains  have  been  found  in  the 
^i:*\x»l.     In  the  clay  bands  of  the  Oolitic  gravel,  land  and  freshwater 

xtu'lU  iHVur. 

Mr,  Lucy  describes  a  great  many  sections  in  detail,  carefully 
wwnling  Aieir  altitudes,  and  he  gives  lists  of  the  organic  remains 
w  i'.iv'h  huvo  l)een  found.  Quartz  pebbles  have  been  discovered  in  clay 
whu^li  tillH  fissures  in  Oolite  quarries  on  the  Cotteswolds,  at  an 
x*;o>i»iioti  of  about  750  feet  These  are  considered  as  a  relic  of  the 
VvM'ilioru  drift.  Analyses  of  the  clays  Are  given,  and  the  author 
Unttii  tit  their  being  Boulder-clay,  though  of  course  this  is  extremely 
JouMt'ul. 

'rh«Mi'  is,  in  addition  to  the  other  gravels,  a  small  sub-angular 
\V«litio  gravel  found  in  parts  of  the  Cotteswold  Bange,  at  heights 
\:*v\  ing  IVoin  500  to  700  feet^  which  is  due  to  the  denudation  of  the 
\))(oiior  Oolite.  It  contains  no  fossils  nor  recent  shells,  and  seems 
ts'  :ittHin  a  uniformity  of  character.  It  was  this  deposit  that  Mr. 
\\\\\\  oiillod  raised  sea-beaches  in  his  Memoir  on  the  geology  of  the 
^N^uitrv  around  Cheltenham.  Mr.  Lucy  is  opposed  to  this  opinion.  He 
AituhutoH  the  gravel  to  frozen  snow  or  land-ice,  which  when  the 
it^iw  Hot  in  would  slip  down,  carrying  with  it  the  detritus  of 
iho  luitTior  Oolite;  and  he  regards  it  as  formed,  after  the  rigour 
^\f  tho  (ilocial  period,  at  an  age  when  the  climate  had  become  com- 
|s^mlivoly  mild. 

It  ill  not  uncommon  in  gravel  pits  to  notice  a  marked  majority  of 
\\y^  |H«bblos  lying  with  their  longer  axes  verticaL  The  origin  of  this 
kHVuliar  position  of  the  pebbles  has  attracted  the  attention  of  several 
^H«lt>giHts.  The  Bev.  0.  Fisher,  in  his  interesting  paper  on  the 
M  Warp,"  remarks  that  this  effect  is  probably  not  always  produced 
in  the  same  way,  and  he  suggests,  as  one  of  the  possible  causes  of 
iho  phenomenon,  the  fact  that  in  a  pebble  sinking  through  mud  the 
fHV/M>»  would  play  a  more  important  part  than  the  resistance, 
MHunally  if  its  motion  wore  slow  ;  and  the  effect  of  friction  would 
^1  to  ])lAce  the  pebble  on  end.  Mr.  Boyd  Dawkins  notices  similar 
^«iiif  H  when  '*  the  long  axes  of  the  pebbles  are  in  the  main  vertical, 
invtoad  of  occupying  the  horizontal  position  of  those  which  have 
^«ii  deposited  by  water,"  and  he  refers  to  the  deposit  as  beyond  all 
jloubt  of  Glacial  origin — to  have  been  borne  down  by  ice,  and 
J^nosited  on  its  melting.  Mr.  Lucy  draws  attention  to  the  remarks 
^  Mr.  Dawkins  when  speaking  of  the  phenomenon,  but  he  explains 
il  M  *'  showing  lateral  pressure.*' 

Coming  to  the  denudation  of  the  Cotteswold  Hills,  Mr.  Lucy 
giftintains  that  the  flat  table-land  of  the  Cotteswolds  is  mainly 
(Mributable  to  the  denuding  power  of  forces  that  brought  the 
rhich  occur  there  at  the  high  level,  most  of  which  were 
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iwept  away  at  the  tiine.     At  this  period,  he  belieres,  the  Oolite 
probably  extended  over  the  New  Bed  Marl  to  May  Hill  and  Malvern. 

The  apparent  absenoe  of  Chalk  flints  from  the  higher  patches  of 
Northern  Drift  seems  to  indicate  that  the  Chalk  was  not  then  in  a 
position  in  this  part  of  the  country  to  furnish  materials  for  the 
gnreL  Mr.  Lucy's  observations  lead  him  to  conclude  that  the 
deandation  of  the  Cotteswolds  took  place  early  in  the  Glacial 
period  ;  whereas,  as  he  mentions,  Professor  Ramsay  seems  to  be  of 
(^ion  that  the  Valley  of  the  Severn  existed  prior  to  the  Glacial 
period,  because  Glacial  deposits  are  found  in  it  as  far  as  Tewkes- 
buy.  When  the  Severn  Valley  was  originally  formed  the  Professor 
admits  it  is  difficult  to  say,  although  England,  having  probably  been 
above  the  sea  duriug  the  greater  part,  or  perhaps  the  whole  of  the 
Miooeue  epoch,  it  is  likely  that  some  of  our  great  contours  were 
then  first  begun,  or,  if  not  begun,  carried  on  and  very  seriously 
modified. 

We  have  not  space  to  discuss  at  length  Mr.  Lucy's  account  of  the 
origin  of  the  Gravels.  They  appear  to  show  alternations  in  the 
krel  of  the  country,  commencing  with  the  deposition  of  the  Pebbles 
at  the  highest  level  when  the  land  was  beneath  the  sea,  and  giving 
evidence  in  the  valleys  of  the  High-  and  Low-level  Gravels  due  to 
rirer-action,  and  of  another  encroachment  of  the  sea,  which  is 
eridenoed  by  the  presence  of  marine  shells  in  some  of  the  Lower 
river  GhravelB.    Here  and  there  evidences  of  ice-action  are  met  with. 

Commencing  ii^  the  Glacial  period,  and  marking  stages  in  the 
denudation  of  the  country,  the  deposition  of  Gravels  continued  long 
after  its  dose. 

Their  separation  into  "  Northern  Drift  "  and  Oolitic  Gravel, 
a(^)ear8,  so  fiEir  as  we  can  imderstand,  to  rest  merely  upon  the  com- 
position of  the  Gravels,  and  does  not  mean  that  any  distinct  agencies 
need  be  invoked  to  account  for  them. 

Some  of  the  Gravels  appear  to  be  of  marine  origin,  others  of 
flaviatile,  but  the  distinctions  are  not  marked  upon  the  map. 

The  term  "Northern  Drift,"  as  Mr.  Lucy  acknowledges,  is  not 
altogether  satisfactory.  But  he  uses  the  word  ''  Drift "  (in  speaking 
of  the  Oolitic  Gravel  also)  to  denote  all  those  superficisd  accumula- 
tions of  transported  materials,  which  cannot  have  been  produced  by 
the  tranquil  causes  which  are  in  daily  operation  in  the  district 
Huch  yet  remains  to  be  done  in  determining  the  exact  boundaries  of 
the  superficial  deposits  over  the  Valleys  of  the  Severn  and  its  tribu- 
taries, and  indeed  Mr.  Lucy  remarks  that  several  points  of  con- 
siderable interest  and  importance  require  to  be  dwelt  upon  more 
fnlly  to  complete  the  subject.  So  that  while  all  geologists  will 
thank  Mr.  Lucy  for  what  he  has  done,  they  will  hope  at  a  future 
time  to  have  some  further  contributions  from  his  pen. 

Mr.  Lucy  alludes  to  the  earlier  writings  of  Murchison,  Strickland, 
Buckman,  Hull,  J.  Jones,  Witchell,  Symonds,  and  Maw,  and  we  may 
mention  that  subsequently  to  the  reading  of  his  paper  before  the 
Cotteswold  Club,  a  oonununication  on  the  same  subject  was  maAb  \o 
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tho  i^H^lorioal  Society  of  London,  by  Mr.  T.  G,  B.  Lloyd.*  In  Uds 
iwiiH^r  Mr.  Lloyd  describod  the  gravels  of  the  Avon  Valley  betweoi 
Towkt'sbury  and  liugby,  and  of  the  Severn  Valley  above  and  below 
tho  ti»wii  oi  Worcester. 

Tlio  Hl)M*»nco  of  liorizontal  sections,  to  illustrate  Mr,  Loot's  paper, 
in  to  1)0  rcK'^'*'^'<^»  ^^^  although  he  explains  that,  owing  to  the  small- 
noHM  oi'  tilt'  HCttlo,  it  would  be  diflScult  to  show  the  different  kinds  of 
iinwiA  in  u  satisfactory  manner,  yet  we  cannot  see  why,  with  the 
vortirni  Hriii(j  magnified,  they  could  not  have  been  rendered  as  dear 
(w«  tlu»Ho  wliioh  so  admirably  illustrate  Mr.  Codrington's  paper  in 
tlu^  Novombor  number  of  the  Quarterly  Journal  of  the  Geological 
Sooirty. 

II. — Amkkican  Gkoix)GT. 

(1.)  (Jkolooioal  Report  on  the  Yellowstone  and  Missouri 
UivKKH.     By  Dr.  F.  V.  Haydbn.     Washington,  1869. 

(•J.)  Umtko  States  Geological  Survey  Beport  on  Colorado 
ANi»  New  Mexico.     By  F.  V.  Hayden.    Washington,  1869. 

fPAK  KN  together,  these  two  reports  present  us  with  a  more  or  less 
I  (lotai!(Ml  doHcripti(m  of  the  geology  of  a  broad  strip  of  country, 
rxt(Muling  fn)m  Now  Mexico  on  the  South,  to  the  British  possessions 
on  tlu>  Ni)rth,  and  Iwuiided  on  the  West  by  the  Bocky  Mountains, 
and  on  \\w  Knst  by  the  Lower  Missouri.  The  Northern  half  of  this 
hw'irv  iin'H  !uiH  lM>on  considerably  more  elaborated  than  the  rest,  and 
\)\\  IlaydtMi  siwaks  of  his  report  respecting  it  as  being  the  final  one. 
Tlmt  on  (\>lorado  is  merely  a  preliminary  report;  and,  in  the  absence 
of  tiu'in*.''  <»r  mnj)S,  is  not  always  by  any  means  as  clear  as  might  be 
drHiroil.  oHixM^iuUy  as  many  of  the  localities  mentioned  are  not  to  be 
found  in  ordinary  maps.  Added  to  this,  the  narrative  form  given  to 
both  ropoi-ts  (the  various  sections,  etc.,  observed  being  noted  under 
mioooHHivo  dates)  renders  their  perusal  somewhat  laborious,  and 
d(»tnujtH  not  a  little  from  their  unquestionable  value.  These  draw- 
ImuiUh  apart,  however,  the  two  thin  volumes  will  be  welcomed  by 
ovory  geologist  as  the  first  really  scientific  description  of  a  large  and 
iiniM>rtimt  tract,  which,  until  quite  recently,  was  a  perfect  terra 
inrognitat  so  far  as  science  was  concerned.  The  mere  amount  of 
imnl  work  which  they  represent  is  enormous ;  and  the  chief  points 
eiioitod  by  it  are  not  only  of  local,  but,  in  many  cases,  of  general 
tttU^rcst  also. 

Quito  remarkable  appears  to  be  the  simplicity  of  the  stratigraphical 
Ultangement  of  the  sedimentary  rocks  in  the  Northern  district,  which 
nJRtrds  a  key  to  their  distribution  in  the  somewhat  more  intricate 
gl^  of  New  Mexico  and  Colorado.  The  backbones  of  the  main 
l^j^,  and  the  cores  of  tlie  isolated  hills  belonging  to  the  Rocky 
Jl^utain  system,  are  universally  composed  of  granitoid  rocks,  and 
^n  llicir  flanks  all  the  stratified  deposits  seem  to  be  uniformly  ex- 

I  ••On  the  Superficial  Deposits  of  Portions  of  the  Avon  and  Severn  Valleys  and 
^Jfotoi'ng  Districts/'    Quart  Joum.  Geol.  Soc,  May,  1870. 

"lid  also  recall  attention  to  Mr.  Lucy's  paper  "  On  the  Post- Pliocene  Drift 
d  Forertj"  published  in  the  Gbol.  Mao.  for  November,  1870,  p.  497. 
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poied  in  snooession,  tbeir  dip  diminishing  as  they  Tcoede  from  the 
monntains,  thus  showing,  in  the  words  of  Dr.  Hayden,  <<  that  the 
wbole  ooontry  west  of  the  Mississippi  to  the  Pacific,  may  be  regarded 
as  a  vast  plateau,  and  that  it  was  gradually  elevated  until  the  crust 
of  the  more  central  portions  was  strained  to  its  utmost  tension,  and 
that  it  then  burst,  and  along  here  evolved  the  lofty  ranges  which, 
taken  collectively,  now  pass  under  the  name  of  the  Bocky  Moun- 
tnns." 

The  lowest  recognized  stratum  in  this  series  is  the  representative 
of  the  true  Potsdam  Sandstone,  and  this  is  the  only  record  of  Silu- 
rian times  visible  in  these  regions ;  neither  is  the  Devonian  present 
in  any  form  ;  and  the  Potsdam  Sandstone  is  directly  succeeded  by  a 
heavy  formation  of  Carboniferous  age,  consisting,  for  the  most  part, 
of  yellowish  limestones  and  sandstones,  with  fossils  which,  with  us, 
would  be  characteristic  of  the  Lower  Carboniferous,  but  which,  in  the 
States,  indicate  the  Upper  beds  of  this  age ;  neither  on  their  moun- 
tun  exposure,  nor  at  their  Eastern  outcrop  in  Kansas,  do  these  beds 
give  any  promise  of  workable  seams  of  coal.  No  distinguishable 
Penman  is  to  be  seen  in  this  Western  series,  though  well  known  in 
the  East ;  but  a  conspicuous  unfossiliferous  series  of  red  arenaceous 
deposits  overlie  the  Carboniferous  strata  ;  they  are  occasionally 
nhferous  and  gypsiferous,  and  Dr.  Hayden,  with  some  hesitation, 
lefers  them  to  the  Triassic  period.  The  upper  beds  of  this  forma- 
tion pass  insensibly  into  those  above,  which  contain  unmistakeable 
eyidence  of  their  Jurassic  age.  These  are  especially  interesting,  as 
giving  us,  in  Nebraska,  by  far  the  most  important  and  best  authenti- 
cated series  of  this  formation,  to  be  foimd  in  the  United  States; 
towards  the  South,  however,  they  seem  to  thin  out  very  considerably, 
or  even  to  disappear  altogether.  Above  these  again  comes  a  vast 
thickness  (3,000  to  4,000  feet)  of  Cretaceous  beds,  to  the  division 
and  determination  of  which  Dr.  Hayden  has  devoted  much  time  and 
trouble.  These  Cretaceous  rocks,  being  farther  removed  from  the 
nucleus  of  the  mountain  range,  dip  at  a  lower  angle  than  the  older 
beds ;  and  still  less  in  amount  is  the  very  thick  series  of  Tertiaries, 
which  cover  the  whole  country,  from  the  base  of  the  mountain  land 
to  the  re-appearance  of  the  Cretaceous  beds  to  the  East.  Although 
he  divides  these  deposits  into  Lower,  Middle,  and  Upper  Tertiary, 
Dr.  Hayden  denies  that  they  can  be  considered  as  exact  equivalents 
of  our  Eocene,  Miocene,  and  Pliocene. 

Dr.  Newberry,  who  supplements  Dr.  Hayden's  Memoir  with  a 
very  interesting  paper  on  the  Cretaceous  and  Tertiary  plants  col- 
lected in  these  districts,  goes  further,  and  pronounces  the  Lower 
Tertiary  to  be  of  Miocene  age.  It  certainly,  in  our  opinion,  bears 
very  little  resemblance  to  what  we  are  accustomed  to  as  character- 
istic of  Eocene  deposits.  This  will  at  once  be  evident,  when  we 
quote  the  author  (Dr.  Hayden)  respecting  this  formation,  to  which 
he  gives  the  name  of  Fort  Union  or  Lignite  Group  :  "  It  was 
evidently  deposited  in  large  bodies  of  water,  which  were  at  first 
brackish,  and  then  gradually  became  fresh.  The  great  number  of 
fossil  leaves,  and  numerous  beds  of  Lignite  contained  in  it,  oloaxl^ 
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show  that  {he  shores  of  these  andent  estuaries,  lakes,  etc,  ia  whioh 
this  formation  was  deposited,  supported  dense  forests  of  large  trees, 
and  a  growth  of  other  vegetation  far  exceeding  in  luxurianoe  any- 
thing now  met  with  in  these  latitudes." 

The  Middle  Tertiaries  have  yielded  a  magnificent  series  of  verte- 
brate remains,  including  numerous  species  of  HysBuodon,  Oreodon, 
Hyracodon  Maohairodus,  Bhinoceros,  EUppopotamus,.  etc.,  with  a 
large  number  of  extinct  Chelonians.  The  Upper  Oroup,  besides 
remains  of  Equus,  Mastodon,  etc.,  seems  to  be  chiefly  characterized 
by  recent  species. 

In  the  Colorado  district,  Igneous  rocks  appear  to  be  much  more 
prevalent  among  the  sedimentary  deposits'  than  they  are  in  the 
North ;  and  in  that  beautiful  valley  of  the  Middle  Park,  a  number  of 
outpourings  of  Basalt  are  described  as  being  interstratified  and  com- 
mingled with  rocks  of  every  age. 

In  the  mining  districts  the  loads  of  precious  and  other  metals  are 
restricted,  it  would  seem,  to  those  areas  occupied  by  granitic  and 
gneissic  rocks,  and  consequently  to  the  mountains.  In  the  plains, 
however,  lies  one  of  the  chief  resources  of  the  country — ^the  nume- 
rous and  thick  seams  of  excellent  Lignite,  contained  in  the  Lower 
Tertiary  series. 

Accompanying  Dr.  Hayden*s  Colorado  Report,  is  a  description  of 
the  various  mines  visited  during  the  Survey  by  Mr.  Persifer  Frazer, 
jun.,  mining  engineer  to  the  expedition,  which  is  a  mere  transcript 
of  his  rough  field  notes.  With  regard  to  the  gold  mining,  all  the 
evidence  given  in  this  volume  tends  to  prove  the  very  transitory 
value  of  the  primitive  Placer  system  of  gold-seeking,  and  that  gold 
loads,  to  be  properly  won,  require  labour  and  expense  quite  as  great 
as  do  any  other  metallic  veins. 

Before  parting  with  Dr.  Hayden,  wo  will  quote  his  description  of 
the  famous  Bed  Pipe- stone  Quarry,  which  may  perhaps  be  acceptable, 
if  not  to  every  geologist,  to  every  recider  of  "  Hiawatha"  : — 

"  On  reaching  the  source  of  the  Pipe-stone  Creek,  in  the  valley  of 
which  the  Pipe-stone  bed  is  located,  I  was  surprised  to  see  how  in- 
conspicuous a  place  it  is A  single  glance  at  the  red 

quartzites  here,  assured  me  that  these  rocks  were  of  the  same  age  as 
those  before  mentioned  at  James  and  Vermilion  Bivers,  and  at 
Sioux  Falls.  The  layer  of  Pipe-stone  is  about  the  lowest  rock  that 
can  be  seen.  It  rests  upon  a  grey  quartzite,  and  there  are  about  five 
feet  of  the  same  grey  quartzite  above  it,  whioh  has  to  be  removed 

with  great  labour  before  the  Pipe-stone  can  be  secured. 

The  Pipe-stone  layer  as  seen  at  this  point  is  about  eleven  inches  in 
thickness,  only  about  two  inches  and  a  quarter  of  which  are  used  for 
manufacturing  pipes  and  other  ornaments.  The  remainder  is  too 
impure,  slaty,  fragile,  etc.  This  rock  possesses  almost  every  colour 
and  texture,  from  a  light  cream  colour  to  a  deep  red,  depending 
upon  the  amount  of  Protoxide  of  Iron.  Some  portions  of  it  are 
fioft,  with  a  soapy  feel,  like  Steatite,  others  slaty,  breaking  into  thin 
^akes,  others  mottled  with  red  and  grey.    .    .    .    There  are  indica- 
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tnu  of  an  sniuiul  Kmotmt  of  laboar  on  tlie  part  of  Indiana,  in 
famer  yean,  to  secure  the  preoiouB  matemL" 

It  may  p^hapa  Berre  to  intensify  the  legendary  eacredness  witt 
iriiich  the  Pfpe-Btone  Quarry  has  been  so  often  invested  when  we 
■dd,  that  tbe  age  of  the  layer  itself,  and  of  its  accompanying  rooks, 
ii  still  a  mystwy  to  geologicts.  O.  A.  Lrbods. 

TeoDKrsx,  Irdlktmbtr,  1B70. 
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Socutt  ot  Aan.— Nov.  23rd,  1870.  Sir  Henry  Bsrkly.  K.C.B. 
in  the  Chair.  Professor  Tennant  delivered  a  lecture  before  this 
Sociefy  on  "  South  African  Diamonds." 

llie  leotnrer  gave  the  following  history  of  the  discoveiy  of  dia- 
monds at  tbe  Cape  of  Good  Hope :  In  March,  1867,  Dr.  Atlierstone, 
of  Graham's  Town,  received  by  post,  in  an  unsealed,  unregistered 
letter,  a  rough  diamond,  which  had  been  picked  up  on  a  farm  in  the 
Hope  Town  district,  and  forwarded  by  Mr.  J.  O'Heilly  to  Mr. 
LorenBD  Boyee,  Clerk  of  the  Peace  for  the  district  of  Colesbei^,  who 
sent  it  to  ifr.  Athentone,  in  order  that  he  might  give  his  opinion  as 
to  the  probability  of  its  being  of  any  valne.  He  had  not  seen  a 
mngfa  diamond  before,  but,  after  taking  the  specific  gravity,  testing 
Ae  hardness,  and  examining  it  by  polarized  light,  he  decided  that  it 
wM  a  gemine  diamond  ^  considerable  value ;  and  peroeiving  the 
great  importance  of  such  a  discovery  to  the  colony,  he  at  onoe 
wrote  to  the  Colonial  Secretary,  snggeating  that  it  should  be  sent  to 
the  Puis  ExhibitiMi,  and  afterwards  sold  for  the  benefit  of  the 
finder,  litis  fortunate  person  was  a  Dutoh  farmer,  named  Scbalk 
Tu  Niekerk,  who,  seeing  the  children  of  a  neighbouring  boer 
playioff  with  some  bright  stones,  was  struck  by  the  appearance  of 
one,  much  he  offered  to  buy  of  the  mother.  She  laughed  at  the 
visa  of  aelluig  the  gem,  and  gave  it  to  him  at  once.  He  showed  it  to 
Xr.  O'Heilly,  who  was  returning  from  a  distant  hunting  expedition, 
and  ao  it  finally  reached  Dr.  Atherstone.  At  the  close  of  the  Paris 
Exhibition  the  stone  was  purchased  by  Sir  Philip  Wodehonse,  then 
Gorentor  of  the  colony,  for  £500.  Passing  on  to  compare  the  South 
African  with  other  diamond-fields,  the  lecturer  remarked  that  it  had 


hitherto  been  unusual  to  receive  more  Ifinn  one  larpe  i\iaTO0T\4 — wq 
coarse  of  a  aiagSo  year,  either  from  India,  ¥ 
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or  Brazil ;  but  the  new  fields  had  yielded  no  less  than  five  stonet 
exceeding  this  weight  within  that  time.  He  had  models  of  many. 
There  was  one  of  56  carats,  and  another  of  88  carats,  which  arrived 
last  year,  and  prodnoed  a  stone  of  great  beauty,  weighing  46^  carata 
This  was  the  largest  in  the  market,  and  was  valued  at  £20,000.  II 
had  been  named  the  '^  Star  of  South  Africa."  The  three  sketches  here 
given  show  the  exact  size,  a  representing  the  face,  h  side  view. 
and  c  the  back  of  the  stone,  as  cut.  It  is  now  in  the  possession  oi 
Messrs.  Hunt  &  Hoskell,  who  have  kindly  promised  to  allow  anj 
one  who  wished  to  see  it.  The  lecturer  proceeded,  by  means  oi 
diagrams,  to  explain  the  technical  terms  used  in  describing  the 
forms  in  which  the  crystals  of  diamonds  were  foundi  and  described 
some  peculiarities  of  the  stone  by  which  it  might  be  readily  distiu' 
guished  from  other  crystalline  minerals  of  somewhat  similar  appear* 
ance.  The  diamond,  although  the  hardest  of  substances,  was  one  oi 
the  most  brittle;  and  it  was  probably  owing  to  ignorance  of  this  fiaci 
and  carelessness  on  the  part  of  the  diamond-seekers,  that  so  many  o! 
the  diamonds  brought  from  the  Cape  were  broken.  The  principa 
diamond-bearing  districts  at  present  dbcovered  were  the  valleys  oi 
tlie  Vaal,  Orange,  and  Roit  rivers.  A  great  variety  of  other  minerab 
had  been  found  in  the  same  neighbourhood.  The  pebbles  consisted 
of  rock  crystal  of  different  colours,  and,  together  with  agate,  jaspen 
(black,  red,  and  ribboned),  quartzite,  garnet,  ^inel,  peridot,  and  blue 
corundum,  were  abundant. 

Discussion. — Mr.  Rawlinson  drew  attention  to  the  great  importance  of  diamond! 
to  \\\Q  artisan,  the  mechanic,  and  the  engineer. 

Mr.  Fordred  observed  that  the  discoverers  of  diamonds  at  the  Cape  frequently  mad< 
the  mistaku  of  placing  a  value  exorbitantly  high  on  the  stones  they  sent  over  here  tc 
be  sold. 

Mr.  Le  Neve  Foster  said  they  made  no  allowance  for  the  loss  of  weight  in  cutting. 

In  replying,  Professor  Tennant  said  that  only  about  ten  per  cent  of  those  found 
were  of  the  first  wat«r.  In  the  large  one  of  which  he  had  spoKcn,  weighing  56  carats, 
there  were  throe  flaws;  nevertheless  £6,000  was  offered  to  the  finder  while  it  was  stil] 
in  the  "  rough."  * 

1  In  the  "  Graaff  Reinct  Herald"  of  October  29th,  received  by  the  last  mail,  it  ii 
stated  that  one  party  found  fifly-four  diamonds,  one  of  160  canrts,  another  27,  the 
others  smaller  :  altogether  estimated  at  £160,000. 

Geological  Society  op  London,  November  23,  1870. — Josepli 
Prestwich,  Esq.,  F.K.S.,  President,  in  the  Cliair. — 1.  "On  some 
points  of  South-African  Geology.'* — Part  I.  By  G.  W.  Stow,  Esq. 
Communicated  by  Professor  T.  Kupert  Jones,  F.G.8. 

In  tliis  paper,  which  was  illustrated  by  numerous  sketches,  sec- 
tions, tables,  and  specimens,  observations  were  made  on  the  stratifi- 
cation of  the  Jurassic  beds   of    Sunday's  and  Zwartkop's   rivers, 
resulting  from  researches  made  by  Mr.   Stow,  with   the   view  oi 
determining   the    exact  position  of  the  several  species  of  fossils 
found  at  the  exposures  on  the  cliffs  of  these  rivers,  and  from  this  the 
Sequence  of  the  various  beds.      He  indicated  the  existence  of  at 
least  nine  separate   fossiliferous  bands,  pointing  out  the   relative 
positions   of    the  several   Trt^onta-beds,  Hamite-beds,  Ammonite- 
^eds,  etc. 
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He  next  treated  of  the  so-called  Saliferoas  beds  of  the  district, 
and  gives  his  reasons  for  regarding  them  as  later  in  age  than  the 
!ZW^<mta-8and8tone8  above  alluded  to,  and  therefore  not  equivalent 
to  that  part  of  the  series  named  "  Wood-beds  "  by  Dr.  Atherstone. 

Other  researches  of  the  author  related  to  the  Tertiary  beds  botS 
inland  and  on  the  coast.  He  distinguished  three  zones  on  the  coast 
later  in  date  than  the  high-level  shell  limestones  (Pliocene  ?)  of  the 
Grass  Eidge  and  other  parts  of  the  interior.  One  of  the  coast-zones 
he  named  the  iUera-bed,  from  the  prevalence  of  a  delicate  species  of 
that  genus.  Another  zone  was  described  as  following  the  river- 
vaUeya  in  the  form  of  raised  terraces,  characterized  by  &e  presence 
of  a  large  Fawypa^.  The  latest  shell-banks  have  been  thought  to 
be  Kitdien-middens,  but  the  author  regarded  them  as  shore-deposits 
in  place.  The  author  concluded  by  tracing  the  probable  climatal 
and  geographical  changes  in  this  region  during  geological  times,  and 
indicated,  as  far  as  his  material  allows,  the  probable  migrations  of 
the  Mollusca,  especially  of  the  Yeaericardia  characterizing  the 
Pliocene  Limestone. 

D1SCU8610N. — Mr.  Gwyn  Jefreys  remarked  that  all  the  shells  belonging  to  the 
gtnus  Altera  which  he  haa  examined  were  shallow  water  or  littoral  shells. 

Dr.  Duncan  remarked  on  one  of  the  corals  as  being  of  a  well-known  Crag  form, 
the  BakmophyUia  cahfculut, 

Mr.  Searles  Wood,  Jan.,  obserred  that  there  appeared  some  probability  on  the 
ftoe  of  the  paper  of  the  shells  of  the  older  Post-tertiary  beds  aenoting  a  warmer 
climate  than  the  present,  instead  of,  as  here,  a  colder. 

2.  "  Note  on  some  Eeptilian  Fossils  from  Gozo."  By  J.  W. 
Hulke,  Esq.,  F.R.8.,  F.G.S. 

The  author  described  the  remains  of  two  reptiles  said  to  have 
been  brought  from  Gozo  by  the  late  Captain  Strickland.  One  of 
them  was  a  fragment  of  the  symphysial  part  of  the  slender  mandible 
of  an  Jchthyo8auru8y  having  teeth  of  precisely  the  same  character  as 
those  of  the  form  from  the  Kimmeridge  Clay  described  by  the 
author  under  the  name  of  ErUhekiodon,  For  this  species  the  name 
of  Ichthyosaurus  gaudensis  was  proposed.  The  other  was  the  skull 
of  a  species  of  Crocodile,  for  which  the  author  proposed  the  name 
C.  gaudensis. 

Discussion. — Dr.  Dnncan  suggested  that  the  Ichthyosaurian  fossil  might  be  deri- 
ratire  from  some  Secondary  rock.  He  mentioned  that  Dr.  Leith  Adams  had  once 
sent  him  an  A»pidi$eua  cristatus  from  the  Hippurite  Limestone,  which  was  stated  to 
hare  come  from  Malta.  To  account  for  this,  he  suggested  that  the  Miocene  of  Malta 
might  have  been  supported  on  beds  of  Cretaceous  age,  so  fossils  from  that  source 
might  have  become  imoedded  in  the  coral  reefs  of  the  later  date. 

Capt.  Spratt  expressed  a  doubt  of  the  fossil  having  really  come  from  Gozo.  He 
did  not  recognize  the  Cretaceous-looking  matrix  among  any  of  the  rocks  of  that 
island,  with  all  of  which  he  was  acquaint^.  The  nearest  approach  to  that  kind  of 
rock  was  to  be  found  in  the  lowest  of  the  deposits  near  Cairo,  which  were  probably 
Eocene. 

Prof.  T.  Bupert  Jones  suggested  an  examination  of  the  Foraminifera  in  the  matrix, 
with  the  view  of  detcrraininff  its  Secondary  or  Tertiary  age.  He  mentioned  the  oc- 
currence of  rolled  nodules  of  older  rocks  in  beds  of  later  age  at  Gozo. 

Mr.  Busk  stated  that  a  stone  of  similar  character  to  the  matrix  occurred  in  Malta, 
if  not  in  Gozo,  but  probably  in  both. 

Mr.  Hulke,  in  reply,  observed  that  he  had  in  this  paper  intentionally  left  the 
stratigraphical  part  of  the  question  untouched,  and  confined  himself  to  the  ^alceonto- 
logic^  aspect  or  the  remains. 
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3.  "  On  the  discovery  of  a  *  Bone-bed  *  in  the  lowest  of  the 
'Lynton  Grey  Beds,'  North  Devon."  By  F.  Eoyston  Fairbank, 
M.D.    Communicated  by  Prof.  Duncan,  M.B.,  F.K.S.,  Sec.  Q.S. 

In  this  paper  the  author  called  attention  to  the  occurrence  of  a 
thin  bed  of  rock  to  the  west  of  the  harbour  of  Lynmouth,  containing 
an  immense  number  of  fragments  of  bone,  some  of  tiiem  of  lai^ 
size,  and  associated  with  massive  bodies  which  he  regards  as  copro- 
lites.  The  author  proposed  to  call  this  the  "  Lynton  Bone-bed ; " 
and  he  thought  that  its  discovery  might  throw  some  light  on  the 
relative  age  of  the  whole  series  of  rocks  of  North  Devon. 

Discussion.  —  Mr.  Whitaker  had  examined  the  beds  in  company  with  Mr. 
Wetherell.  Ue  did  not  ame  with  the  author  as  to  the  amount  of  iron  in  the  beda. 
The  bone-remains  appeared  to  him  to  be  those  of  Steganodiet^fum^  which  had  alreadj 
been  found  in  the  lowest  of  the  DeTonian  beds.  He  was  not  prepared  to  aoo^t  the 
nodules  described  as  being  undoubtedly  coprolites. 

Mr.  Valpy  stated  that  there  were  at  least  a  dozen  beds  on  different  boriions  of 
much  the  same  character  as  that  described  alonflf  the  coast  of  North  DeTon,  aa 
account  of  which  had  already  been  published  at  Ilfraeombe. 


Geologioal  Sooibty  of  Glasgow. — ^Nov.  3rd. — Mr.  John  Young, 
Vice-president,  in  the  chair. 

Carhmiferom  Fossils, — Mr.  James  Thomson,  F,G.S.,  submitted  to 
the  Society  some  remains  of  fish  and  moUuscan  life  recently  dis- 
covered in  the  neighbouring  Coal-fields,  and  which  were  new  at 
least  to  tlio  west  of  Scotland.  These  were  Acanthodes  Wardii,  from 
Airdrie ;  A  tlujris  pisurrij  from  Brockley ;  and  Anomia  corrugaia,  from 
Dairy.  He  pointed  out  the  characteristics  of  these  species,  and  the 
relative  position  of  the  beds  in  which  their  remains  occur. 

1.  The  Acanthodes  was  a  well-preserved  specimen,  showing  the 
dorsal  and  anal  spines  in  their  natural  position.  This  was  of  some 
importance,  as  these  spines  had  frequently  been  found  singly,  and 
could  not  be  referred  to  any  known  genus ;  but  this  discovery 
enabled  palaeontologists  to  name  and  classify  these  ichthyodorulites. 
Its  dimensions  are  fifteen  and  a  half  inches  long;  dorsal  spine,  seven 
and  a  half  inches ;  anal  spine,  fully  seven  inches ;  from  the  anal  to 
the  pectoral  spine,  six  inches.  The  deepest  part  of  the  body  is  at 
the  pectoral  spine,  wlieix)  it  measures  four  and  a  half  inches.  The 
head  is  wanting. 

2.  Athyris. — Tliis  little  fossil  occurs  at  Brockley,  Lesmahagow, 
and  Rouf^liwood,  Ayrshire.  From  its  resemblance  to  Terehrattda 
sacctdm,  it  had  often  been  mistaken  for  that  shell. 

3.  Anomia  corrugata, — This  is  the  first  well-authenticated  specimen 
of  Anomia  that  has  been  recorded  from  the  Scottish  Mountain  Lime- 
stone. It  is  found  in  a  band  of  shale  which  underlies  the  **  Linn  " 
Limestone,  near  Dairy. 

Arctic  Shcll-hed. — Mr.  D.  C.  Glen,  C.E.,  gave  some  notes  on  the 
Boulder-clay  laid  open  in  the  excavation  now  going  on  for  a  new 
dock  at  Cartsdyke,  near  Greenock,  and  referred  to  the  abundance  of 
Arctic  marine  shells,  and  other  organisms,  found  embedded  in  it. 
The  shell-bed  seems  to  occur  in  a  hollow  of  the  Boulder-clay,  which 
/Ui£  been  exposed  to  view  by  a  deep  cutting  running  parallel  to  the 
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riTer,  (IT  east  and  west  On  the  northern  Bide  of  this  cutting,  nearest 
tbe  river,  the  bed  is  seTeral  feet  in  thiokness  ;  bat  on  the  other  side 
iC  thins  ont,  and  finally  disappears  as  we  reoede  from  the  shore.  In 
^lie  other  direction,  from  east  to  west,  it  is  seen  to  abut  suddenly 
tt^^ainst  the  Boulder-clay,  and  thus  occupies  a  hollow  of  no  great 
extent,  in  which,  however,  an  immense  number  and  variety  of  marine 
organisms  are  crowded  together,  forming  one  of  the  richest  beds  of 
such  day  yet  discovered  on  our  Western  coast.  At  the  same  time, 
tJiere  was  reason  to  doubt  whether  the  deposit  is  now  found  in  its 
ziAtoral  position,  or  has  not  been  dug  out  from  some  neighbouring 
part  of  the  shore,  and  laid  down  to  improve  and  level  the  ground, 
xnany  years  ago,  in  forming  the  policies  where  the  excavation  ii 
l>eing  made.  On  this  point,  however,  he  would  not  express  a 
decided  opinion,  and  other  members  who  had  visited  the  spot  were 
not  unanimous  regarding  it. 

Mr.  Toung  said  the  section  of  Boulder-clay  and  the  shell-bed 

i:>eferred  to  were  of  great  interest,  and  he  hoped  would  receive  a 

oareM  examination  from  the  members  of  the  Society.     He  alluded 

lo  the  number  of  large  boulders,  found  principally  in  the  upper 

portion  of  the  deposit,  the  majority  being  sandstone  of  local  origin, 

iuid  the  remainder  granite,  trap,  and  schist,  from  more  distant 

localities.     Many  of  these  boulders  were  beautifully  smoothed  and 

striated  by  the  action  of  ice.     With  regard  to  the  puzzling  features 

presented  by  the  shell-clay — ^the  way  in  which  the  shells  are  huddled 

together,  the  absence  of  any  distinct  stratification   in   it,  and  the 

manner  in  which  it  abuts  suddenly  against   the  Boulder-clay  on 

either  hand — these  circumstances,  together  with  its  being  of  a  looser 

texture,  or'less  firmly  compacted  thsm  most  of  the  Arctic  shell-beds 

found  on  our  coast,  undoubtedly  suggest  that  it  has  been  disturbed 

and  removed.     On  the  other  hand,  he  read  a  note  from  Mr.  David 

Bobertson,  whose  opinion  in  such  matters  was  entitled  to  very  great 

weight,  pointing  out  that  a  thin  bed  of  fine  clay,  in  which  marine 

organisms  occur,  extends  continuously  between  the  shell-bed  and  the 

underlying  Boulder-clay — which  seems  opposed  to  the  supposition  of 

the  shell-clay  having  been  laid  down  on  an  old  land  surface.     Apart 

from  this  point  (Mr.  Young  added),  the  deposit  is  worthy  of  attention 

as  being  exceedingly  rich  in  organic  remains,  about   140  species 

having  been  already  obtained  from  it,  including  some  rare  and  many 

well-known  Arctic  forms. 

An  arranged  series  of  these  shells,  polyzoa,  etc.,  was  exhibited  by 
Mr.  Young  and  Mr.  Glen.  Several  other  members  also  remarked  on 
the  deposit^  and  arrangements  were  made  to  revisit  the  locality  at  an 
early  date. 


On  Supposed  Pitol-i^-bubrows  in   Millers  Dale,  near  Buxton, 

Derbyshire. 

Sir, — From  a   letter  in  the  Geological  Magazine   (Vol.   VII., 
p.  686),  I  p&rceive  that  Mr.  Edwin  Brown,  F.G.S.,  was  \ma\Ao  V^  ^XiSi 
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the  burrowingg  in  Limestone  which  I  described  as  occurring  in 
Millers  Dale.  Perhaps  he  may  have  overlooked  them,  or  possibly, 
as  they  were  not  namerous,  some  other  person  may  have  brokoi 
them  away.  I  was  reluctantly  obliged  to  detach  a  specimen  myself 
(which  I  send  herewith)  for  the  confutation  of  the  incrednlons.  To 
insinuate  that  I  do  not  know  'Toadstone '  from  'Limestone,'  or  should 
write  in  a  scientific  periodical  after  an  examination  called  '  careful  * 
by  myself,  but  in  reality  so  hurried  as  to  mistake  the  one  for  the 
other,  or  indeed  the  "vesicular  cavities"  of  toadstone  for  "the 
borings  of  animals,"  attributes  to  me  ignorance  so  gross,  or  careless- 
ness so  reprehensible,  that  Mr.  Brown  might  as  well  have  said  that 
he  considered  me  unworthy  to  write  F.O.S  after  my  name. 

St.  John's  Collbgb,  T.  G.  Bonniy, 

CAMBamoB,  Dee.  5. 

P.S. — With  regard  to  the  principal  subject  of  Mr.  Brown's  com- 
munication, I  may  remark  that  the  following  instances  confirm,  if  it 
be  needed,  the  idea  of  some,  at  least,  of  the  Toadstones  not  being 
intrusive.  (1).  In  a  small  cliff  close  by  Litton  Mills,  at  the  opening 
of  Cressbrook  Dale  (left  bank),  we  have  the  following  section : — 
(a)  High  talus  overgrown  wilii  bushes,  showing  projecting  ledges 
of  limestone:  (b)  Cliflf  of  Toadstone,  upper  part  sandy  and  de- 
composing, lower  part  more  solid  and  amygdaloidal :  (c)  well 
marked  bed  of  very  compact  Toadstone  :  (d)  sandy  and  shaly  band, 
volcanic  ashes :  (e)  ashy  bed,  nodular  and  concretionary  in  places, 
with  fossils,  Spirifera  Products,  etc. :  (f)  Limestone,  very  compact^ 
perhaps  somewhat  altered.  (2).  In  descending  by  the  road  that 
leads  over  the  flanks  of  the  Heights  of  Abraham  from  Matlock  Bath 
to  Bonsall,  after  quitting  the  sheet  of  Toadstone  that  caps  the  hill,  I 
observed  many  blocks  in  the  wall  containing  volcanic  ash.  One 
variety  is  a  purple  rock  of  clayey  fracture,  containing  angular  or 
subangular  fragments  of  limestone,  and  yellowish  brown  or  greenish 
bits  and  specks,  which  I  believe  to  be  decomposing  volcanic  ash ;  the 
other  a  calcareous  rock  (?  brecciated  in  places)  with  many  specks  of 
greenish  grey  and  brown  colour,  also  decomposing  ashes.  This  bed 
contains  fragments  of  small  crinoids.  If  I  mists^e  not,  both  these 
beds  are  exposed  in  situ  by  the  road-side  a  short  distance  apart,  and 
about  fifty  yards  from  the  first  cottage  in  Bonsall  village. — ^T.G.B. 


In  the  Gkolooioal  Magazine  for  June  last  (VoL  VU.,  p.  267)  we 
published  an  article  on  supposed  PAoZoe-burrows  in  Millers  Dale, 
by  the  Rev.  T.  G.  Bonney,  M.A.,  F.G.8. 

Another  article  "  on  the  supposed  oocurrence  of  Fholas-hvorTGW% 
in  the  upper  parts  of  the  Great  and  Little  Ormesheads,"  by  the  same 
author  (accompanied  by  a  Plate),  appeared  in  Vol.  VI.,  1869,  p.  483. 

Mr.  Bonney's  observations  tend  to  disprove  their  PAo^-origin, 
and  to  support  the  conclusions  of  M.  Bouchard-Chantereauz, 
Miss  Hodgson,  and  others,  that  they  are  the  work  of  Helices, 

In  a  letter  published  in  the  December  number  of  this  Magazine 
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(p.  586,  VoL  VU.),  Mr.  Edwin  Brown  calls  in  question  the  fact  of 
perforated  Ldmestone  oocnning  in  Millers  Dale,  and  supposes  that 
Mr.  Bonney  may  have  mistaken  vesicular  cavities  in  Toadstone  for 
the  borings  of  animals  in  Limestone. 

Mr.  Bonney  very  justly  complains  of  the  unfairness  of  Mr. 
Brown's  insinuation,  which,  we  regret  to  say,  did  not  strike  us  in 
reading  Mr.  Brown's  letter  before  publication.  We  have  received 
from  Mr.  Bonney  a  specimen  of  die  perforated  Limestone  from 
Mfllers  Dale,  referred  to  in  his  article,  and  it  is,  as  our  readers 
would  expect,  a  irtte  lAmesUmey  the  perforations  of  which  agree 
aaeUy  with  those  from  Ulverston,  in  Lancashire,  originally  de- 
scribed by  Miss  Hodgson  (see  the  •*  Geologist,"  Vol.  vii.,  1864,  p.  42), 
and  subsequently  by  Mr.  J.  Eofe,  F.G.S.  (See  Osol.  Mag.,  VoL 
VH,  1870,  p.  4,  PL  L) 

The  estimate  our  readers  and  other  scientific  men  have  formed 
of  Mr.  Bonney's  contributions  to  science,  would  prevent  any  one 
accepting  the  suggestion  in  Mr.  Brown's  letter.  We  are  sorry 
this  paragraph  formed  a  porticm  of  an  otherwise  valuable  communi- 
cation ;  and  we  do  not  doubt  that  Mr.  Brown  will  be  as*ready  as  we 
are  to  regret  what  he  must  now  see  was  an  unjust  criticism  on  the 
observations  of  a  brother  F.G.S.  Edit.  Geol.  Mag. 


THE  BLUE  CLAY  OP  THE  WEST  OP  ENGLAND. 

Sm, — Miss  Eyton  states  (Gkol.  Mag.,  p.  545)  that  the  shell- 
bearing  gravels  often  rest  "upon  a  bed  of  blue  or  grey  clay  .  .  .  de- 
Bcribed  ...  in  Lancashire  and  Cheshire,  by  Mr.  Binney  ;  and  more 
recently  by  Prof.  Hull,"  and  mentions  that  Mr.  Hull  gives  its 
thickness  at  Llandudno  at  150  feet.  To  Prof.  Hull's  name  she  gives 
a  reference  to  a  paper  on  the  "  Glacial  Phenomena  of  Lancashire 
and  Cheshire."  I  wish  to  state  (1),  that  I  am  the  writer  of  a  paper 
with  that  title,  read  before  the  Geological  Society,  on  June  22nd. 
(2),  That  Prof.  Hull  has  not,  I  believe,  written  a  paper  with  that 
title.  (3),  That  the  Lower  Till  he  has  always  described  as  precisely 
resembling  the  Upper  Till,  being  of  the  same  red  colour,  general 
character,  and  including  the  same  eiTatic  boulders.  (4),  That  this 
is  so  much  the  case,  that  Mr.  Binney  considers  (in  all  his  papers) 
the  two  clays  to  be  one,  with  an  intercalated  Middle  Sand.  (5),  That 
in  my  paper,  above  referred  to,  I  describe  a  Lower  Till,  of  the  nature 
mentioned  by  Miss  Eyton,  as  occurring  in  Lancashire,  at  levels 
above  300  feet,  formed  by  an  ice-sheet,  and  mention  that  in  North 
Wales  a  similar  clay  is  eroded,  and  overlaid  by  the  ordinary  Lower 
Boulder-clay  of  marine  origin.  (6),  That  I  consider  that  at  Llan- 
dudno it  never  reaches  a  greater  thickness  than  20  feet.  (7),  That  I 
cannot  admit,  with  Mr.  S.  V.  Wood,  that  the  Upper  Till  of  Lancashire 
is  the  representative  of  the  Hessle  clay,  or  any  other  recent  bed. 

H.  M.  Geological  Survey,  Morecambe.       C.  E.  De  Range,  F.G.S. 
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ON  SUPPOSED  THERMAL  SPRINGS  IN  CAMBRIDGESHIRE. 

Sir, — A  paper  was  read  at  the  late  meeting  of  the  British  Ano* 
ciation  by  Mr.  Harmer,  ''  On  some  Thermal  Springs  in  the  Feng  of 
Cambridgeshire."  I  have  not  had  an  opportunity  of  visiting  thenii 
but,  knowing  the  general  charaoter  of  the  district,  I  have  thoagfat 
over  the  matter,  and  asked  myself  whether,  sinoe  Ihey  are  stated  to 
be  Bhallow  farmyard  wells,  the  temperature  of  the  water  may  not 
be  due  to  fermenting  manure.  To-day  I  went  into  a  fJEurmyturd  in 
this  village,  and  found  them  layii^  up  the  manure  in  heaps,  previous 
to  carting  it  away  upon  the  land.  The  manure  was  already  hot  and 
steaming  when  they  removed  it  from  the  area  of  the  yard,  on  which 
it  lay  two  feet  deep.  Tliere  stands  a  pump  in  the  centre  of  the  yard; 
and  I  asked  the  farm-servant,  who  lives  on  the  spot,  whether  the 
water  was  warm.  '<  Tes,"  said  he,  '^  almost  as  warm  as  new  milk. 
And  so  is  the  water  from  the  other  well "  (which  stands  on  the  edge 
of  the  yard).  I  fetched  a  thermometer,  and  found  the  water  in  toe 
yard  at  65°  Far.,  that  in  the  well  on  the  edge  of  the  yard  at  64^, 
while  the  t^jnpcrature  of  the  air  was  44®.  Snow  has  been  lying  on 
the  ground  for  five  days,  and  disappeared  only  last  night  In 
thawing  it  has  gone  into  the  farmywd  well,  and  discoloured  the 
water ;  else  probably  the  temperature  might  have  been  higher,  for  the 
workman  considered  the  water  less  warm  than  usual.  In  these  wells 
the  water  stands  at  about  twelve  feet  from  the  surface.  They  are  fed 
by  springs  from  tlie  lower  chalk,  the  water  being  held  up  by  the 
gault.  In  such  a  country  as  tliis,  the  idea  of  Thermal  springs  being 
fed  by  faults  from  below  seems  improbable,  since,  liiough  there 
may  bo  faults,  it  is  scarcely  possible  that  open  fissures  can  exist 
in  the  soft  clays  of  the  district. 

HaKLTOX,    CAMBEIDOBSUnLE,  v).    FiSHEB, 

Dee,  13,  1870. 


THE   ALLEGED    OCCURRENCE   OF   MACEAinODUS    LATILENS  IN 

KENT'S  CAVERN,  TORQUAY. 

Sir, — Your  readers  aro  doubtless  aware  that  in  certain  English 
museums  there  are  canines  of  Machairodus  latidena  (foimerly  known 
as  Ursus  cvltridens),  said  to  have  been  found  in  Kent's  Cavern,  by 
the  late  Eev.  J.  MacEnery  ;  and  that  some  palseontolc^sts,  including 
M.  E.  Lartet  and  the  late  Dr.  Falconer,  have  doubted  whether  they 
really  did  belong  to  the  Cavern  series. 

In  1869  I  printed  all  the  evidence  which  existed  on  the  subject, 
so  far  as  was  then  known,^  and  have  reason  to  believe  that  the 
doubts  mentioned  above  were  ftiUy  disposed  of. 

My  present  object,  however,  is  to  ask  for  sufficient  space  in  your 
Magazine  to  record  an  unpublished  fact  having  an  important  bemng 
on  the  question.  Through  the  kindness  of  Professor  Phillips,  I 
have  recently  found  that  in  May,  1826,  Mr.  MacEnery  sent  to  the 
Museum  of  the  Yorkshire  Philosophical  Society  a  sot  of  specimens 

^  See  Trans.  Devon  Assoc.,  toI.  iii.,  pp.  481-494.    1869. 
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#  from  the  GaTem,  with  a  cast  of  one  of  the  oaninea  in  question, 
f  iooompanied  by  a  descriptiye  letter,  in  which  were  enclosed  a  copy 
[  of  a  letter  from  the  Baron  Gavier  and  of  part  of  a  letter  from  Dr. 
I   BkK^land. 

These  docoments  are  all  preserved  at  York,  and,  through  the  kind- 
ness of  the  Bev.  J.  Eenrick,  I  have  been  courteously  permitted  to 
oopy  them,  with  a  view  to  publication.  At  present,  however,  it  is 
not  neoesaary  to  trouble  you  with  anything  more  than  the  following  : 
''Eztraot  from  Dr,  Buckland's  letter  to  Eev.  J.  MacEnery  respecting 
die  serrated  tooth,  of  which  a  cast  is  enclosed  in  the  Collection  : — 

"  Lyons,  14  Ilarck,  1826. 
"  My  dear  Sir, — ^I  should  have  forwarded  the  enclosed  from  Paris 
bad  I  not  waited  to  visit  a  spot  in  Auvergne,  whe^  they  have 
iBoently  discovered  a  deposit  of  animals  exactly  similar  to  those,  of 
EfiQt*s  Cave  in  a  bed  of  Diluvial  sand  and  graveL 

''The  resemblance  is  still  more  striking  from  the  fact  of  there 
being  among  them  the  teeth  of  your  unknown  animal,^  which  turns 
oat  to  be  the  XTtbub  eullridens  of  Cuvier,  which  had,  till  now,  been 
found  only  in  the  Yal  d'Amo.  There  is  an  entire  skull  of  this  bear 
in  the  Collection  at  Florence. 

*f  I  think  it  is  more  satisfactory  to  have  this  analogy  eaUMiehed 
ikau  to  have  discovered  a  new  speeieB  at  Torquay. 

"  M .  Cuvier  was  much  pleased  with  the  identity  of  the  teeth.  .  .  .** 

Allow  me,  in  conclusion,  to  recapitulate  briefly  the  points  that 
ippear  to  be  now  established  respecting  the  Kent's  Hole  Machai- 
rodus: — 

In  January,  1826,  Mr.  MacEnery  found,  mixed  with  the  remains 
of  the  ordinary  Cave  Mammals,  five  canines,  and  subsequently  one 
incisor,  of  Machairodus  latidens  {=Ur8U8  cultriden8)f  in  that  part 
of  the  Cavern  which  he  named  the  Wolfs  Den.  Sir  W.  C. 
Trevelyan  saw  all  the  specimens  at  Torquay  in  the  following  month. 
Casts  of  the  canines  were  taken  to  Paris,  and  submitted  to  M. 
Cavier  by  Dr.  Buckland,  who,  writing  from  Lyons  on  March  14th, 
informed  Mr.  MacEnery  that  M.  Cuvier  had  identified  them  as  the 
teeth  of  Ursus  ctdtridens. 

Finally,  the  canines  have  been  thus  distributed :  One  is  in  the 
British  Museum, ;  one  in  the  Museum  of  the  Geological  Society  of 
London ;  one  in  the  Museum  of  the  Koyal  College  of  Surgeons, 
London  ;  one  in  the  Oxford  Museum  ;  and  one  in  the  private  collec- 
tion of  Sir  W.  C.  Trevelyan. 

Wm.  Pengklly. 

ToRQrAT,  D$e$mber  lOM,  1S70. 

*  It  is,  perhaps,  noteworthy  that,  in  the  brief  contents  of  Kent's  Cavern,  written 
before  his  letter  from  Lyons,  Dr.  Buckland  mentioned  the  remains  of  rhinoceros, 
elephant,  horse,  elk,  deer,  ox,  hyaena,  bear,  tiger,  wolf,  fox,  "  and  of  an  unknown 
carnivorous  animal,  at  least  as  large  as  a  tiger,  the  genus  of  which  has  not  yet  been 
ietemiined."  (See  Edin.  Phil.  Joum.,  vol  xiv.,  pp.  366-64,  1826).  This  great 
^mknown  was,  no  doubt,  Maehairodvu. 
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>  gone  OTer  leqnires  re-examination,  and  that  six  years  would  be 
ihort  to  enable  one  person  to  divide  and  correlate  correctly,  and 
re  at  satisfactory  oonclusions  as  to  modes  of  accumulation.  In 
lexion  with  lliis  subject,  I  may  express  my  belief  that  in  order  to 
rent  any  geologist  assigning  too  much  to  the  depositing  power  of 
in  an  extensively  glaciated  region  like  the  Lake  District,  it  is 
ortant  that  he  should  be  acquainted  with  the  drifts  of  the  adja- 
t  plains,  and  of  neighbouring  or  distant  hilly  districts  in  which 
88  of  glaciation  are  exceptional  or  altogether  absent.  It  is  like- 
3  important  that  he  should  not  be  ignorant  of  the  versatility  of 
sea  as  a  depositing  agent 

lie  question  asked  by  Mr.  Wollaston  relative  to  the  absence  of 
Idaw  slate  and  granite  from  Dunmail  Baise,  applies  with  nearly 
al  force  to  the  theory  of  transportation  by  great  streams  of  land- 
In  its  bearing  on  ice-laden  marine  currents,  I  think  it  can  be 
s&ctorily  answered.  Currents  ^impinging  on  an  island  (such  as 
Idaw  must  once  have  been)  do  not  necessarily  flow  through  all 
gaps  or  passes  within  sight  of  the  island ;  and  a  current  may 
e  been  prevented  from  flowing  southwards  from  Skiddaw  by  an 
;  or  west  current  traversing  Keswick  and  Threlkeld  vale.  We 
w  that  a  current  laden  with  boulders  from  Wasdale  Crag  flowed 
r  Stainmoor  pass,^  but  no  trace  of  such  a  current  has  been  found 
he  Lune  vaUey  pass,  south  of  Tebay  railway-station.  Granito- 
m  currents  must  have  flowed  south  and  south-west  from  the  Esk- 
5  Fells,  but  there  are  no  indications  of  such  currents  having 
red  in  any  other  directions. 

ILLOM,  8M  December,  1870.  D.  MACKINTOSH. 


OBIOTTJJLI^ir. 


PROFESSOR  BISCHOF,  FOR.  MEMB.  GEOL.  SOC,  LOND. 

Lmongst  the  losses  which  science  has  sustained  during  the  past 
r,  it  is  our  melancholy  duty  to  record  the  death  of  Professor 
2hof,  of  the  University  of  Bonn,  in  Bhenish  Prussia,  who  died  in 
:  city  on  the  29th  of  November,  in  his  seventy-ninth  year.  As 
:ibute  of  respect  to  a  man  of  science,  of  so  throughly  cosmo- 
tan  reputation,  and  whose  labours  have  nowhere  been  more 
reciated  than  in  England,  we  lay  before  our  readers  the  follow- 
short  sketch  of  his  scientific  career. 

larl  Gustav  Bischof  was  bom  on  the  18th  of  January,  1792,  at 
rd,  in  the  suburbs  of  Niimberg,  in  Bavaria,  where  his  father,  sub- 
lently  Rector  of  the  Latin  School  of  Fiirth,  then  resided.  In  the 
r  1810  he  entered  the  University  of  Erlangen,  with  the  special 

^feasor  Harknesa,  in  the  last  number  of  the  Quart.  Joum.  Geol.  Soc.,  sub- 
»  the  Lake  District  to  a  greater  height  than  700  feet  above  the  level  of 
mail  Raise,  and  brings  up  false-bedded  marine  drift  to  1,100  feet  above  the 
nt  sea-level,  or  100  feet  higher  than  I  have  ventured  to  assert. 
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intention  of  devoting  himself  to  mathematics  and  piBctical  astronomy; 
but  in  a  sliort  time  ho  became  so  impressed  by  the  chemical  lectnxM 
of  ProioHsor  Uildebrandt,  that  he  entirely  changed  his  coiuie  of 
studies,  which  resulted  in  his  qualifying  himself  as  a  lecturer  on 
chenilKtr}'  and  physics;  and  u]K>n  the  decease  of  Hildebrandt,inl816, 
ho  succeeded  to  his  position,  and  also  undertook  the  oontinnation  sod 
concluHion  of  his  ''  Lelirbuch  der  Chemie,"  published  at  Erlangen 
in  181G. 

AlK)ut  this  period  his  attention  appears  to  hare  been  more  spedaltj 
directed  to  Geolog}%  and,  in  conjunction  with  his  friend  ProfeMOr 
GoldfufiH,  }io  brougiit  forward,  in  the  '<  PhysicaUscfae  Statistiscbaa 
BcKchrcibuug  des  Fichtelgebirgs, '*  (2  toIs.,  Niimberg,  1817),  tbe 
results  of  the  geological  and  physiographioal  ezploratkm  of  this 
mountainous  district 

In  the  year  1819  his  ''Lehrbuch  der  Stochiometrie "  appeared, 
and  also,  in  conjunction  with  Yoa  Esenbeck  and  Bothe,  a  memoiron 
''  Die  Entwickelung  dor  Pflanzensubstanz  ;*'  and  in  the  spring  of  the 
same  year  he  removed  to  Bonn  to  act  as  Professor  of  Chemistiy  and 
Technolopn^'  in  the  newly-founded  University,  in  which,  in  1822,  be 
was  appointed  Professor  of  Chemistry,  a  position  he  retained  for 
little  less  than  half  a  century. 

A  treatise  on  diemistry,  "  Lehrbuch  der  reinen  Chemie,"  was  com- 
menced by  him  in  1824,  l^ut  only  the  first  volume  ever  was  published, 
he  having  given  up  the  study  of  pure  chemistry,  in  order  to  devote 
his  entire  energy'  and  time  to  chemical  and  physical  geology,  in 
which  In-anches  of  science  he  after wanls  l)ecame  so  distinguished. 
His  fii-st  production  in  this  line  was  his  work,  brought  out  in  1826, 
"  On  the  Volcanic  Mineral  Springs  of  Gtermany  and  France,"  as  well 
as  a  memoir  on  the  mineral  qiring  of  Koisdorf,  which  appeared  in 
the  course  of  the  same  year ;  and  was  followed,  some  ten  years  later, 
by  *'  Die  Wiirmelehre  des  Tnnern  unscres  Erdkorpers,"  (Leipzig, 
1837),  a  work  which  gave  rise  to  his '*  Physical,  Chemical,  and 
Geological  Kosearches  on  the  Internal  Heat  of  tiie  Globe,"  published 
in  London,  in  1841. 

During  the  interval  from  1837  to  1840  he  had  been  ordered  by 
the  Government  to  inquire  into  the  nature  of  the  inflammable  gases  of 
coal-mines,  and  the  Siifety-lamps  employed  in  their  exploration ;  and 
the  results  of  these  investigations  will  be  found  in  several  communi- 
cations to  *'Karsten  und  von  Dechen's  Archiv  fiir  Mineralogie"  and  the 
Edin])urgh  New  Philosophical  Journal,  as  also  in  a  memoir  on  "  Dei 
Moycns  de  soustrairc  TKxploitation  des  Mines  de  houille  aux  dangers 
d'Explosion,"  (Brussels,  1840),  to  which  the  premium  offered  by  the 
Academy  of  Brussels  was  awarded. 

In  the  following  years  nuaierous  memoirs  were  contributed  by 
Professor  Bischof  to  the  different  scientific  Journals,  amongst  whicm 
may  be  mentioned  **The  Glaciers  in  their  Relations  to  the  Elevation 
of  the  Alps,"  1843 ;  "  'Hie  Formation  of  Quartz  and  Metallic  Veins," 
1844,  etc. ;  and  in  1847  he  commenced  the  publication  of  the  first 
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editton  of  his  greatest  work,  the  **  Lebrbuch  der  Cbemiscben  nnd 

Physioaliscben  G^logie/'  (2  vols.,  Bonn,  1847-1854),  wbich  was 

finished  in  1854,  in  wbiob  year  an  English  translation  (so  much 

iogmented  as  in  reality  to  be  a  second  edition)  was  published  by 

the  CaTendish  Society,  under  the  personal  superintendence  of  the 

author,  which  work,  for  the  first  time,  supplied  a  notable  deficiency 

in  our  scientific  literature.     In  1866  an  entirely  re-written  new 

German  edition  of  this  work,  in  three  volumes,  was  completed ;  and 

tp  to  the  last  days  of  the  worthy  Professor's  life,  he  was  occupied 

in  completing  a  supplement  to  this  edition,  which  will  bring  it  up  to 

date,  and  is  expected  to  appear  immediately. 

Space  does  not  admit  of  our  even  giving  the  titles  of  the  numerous 
Kientific  papers  and  minor  communications,  or  alluding  to  the 
popular  lectures  and  letters  on  scientific  subjects,  which  appeared  in 
raint  between  the  years  1842  and  1849.  The  posthumous  fame  of 
nrofessor  Bischof  will  rest,  however,  mainly  upon  his  most  impor- 
tmt  work  on  Chemical  and  Physical  Greology,  which  embodies  a 
nst  amount  of  data  for  future  generalization.  Even  those  men  of 
Ktence  who  may  not  be  inclined  to  adopt  the  late  Professor's  views 
hi  their  entirety,  cannot  but  admire  the  wonderful  perseverance  and 
ngacity  which  he  brought  to  bear  upon  his  chosen  field  of  investiga- 
tion,  and  admit  that  he  must  be  regarded  as  the  founder  of  the  study 
of  chemical  geology,  a  branch  of  science  which  every  day  is  asserting 
its  claims  to  more  distinct  recognition. 

Professor  Bischof  had,  what  is  rarely  accorded  to  scientific  men, 
the  happiness  of  seeing  his  labours  universally  appreciated  during 
his  lifetime.  Prussia  gave  him  the  decoration  of  the  Bed  Eagle, 
whilst  from  Russia  he  received  the  Order  of  St  Ann ;  in  England 
he  was  awarded  the  gold  Wollaston  modal  by  the  Greological 
Society,  and  in  1861  was  elected  a  honorary  member  of  that 
body,  whilst  most  of  the  principal  scientific  institutions  of  Europe 
enrolled  him  amongst  their  members.  Up  to  the  very  last  Professor 
Bischof  preserved  his  mental  faculties  quite  unimpairod  by  either 
age  or  infirmity;  and  whilst,  in  his  public  capacity,  he  was  esteemed 
by  all,  it  must  also  be  added,  that  in  private  life  he  was  one  of  the 
most  amiable  of  men,  as  all  who  knew  him  can  testify.  D.  F. 


Death  op  the  President  of  the  Royal  Microscopical  Society. — 
With  deep  regret  we  announce  the  death  of  the  Rev.  Joseph  Ban- 
croft Reade,  F.R.S.,  F.R.A.S.,  President  of  the  Royal  Microscopical 
Society.  He  was  a  Scholar  of  Caius  College,  Cambridge ;  and 
obtained  his  B.A.  degree  in  1825,  when  he  took  high  honours  in  the 
Mathematical  Tripos.  He  was  curate  of  Rigworth,  Leicestershire, 
till  1829,  and  was  successively  curate  and  afternoon  lecturer  at  the 
parish  church,  Halifax,  till  1832,  and  iDcunibent  of  Harrow  Weald 
till  1834.  In  1839  he  was  presented  by  the  Royal  Astronomical 
Society  to  the  vicarage  of  Stone,  near  Aylesbury,  and  in  1859  to  the 
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rectory  of  Ellesborougb.    Archbishop  Longley  gave  him  the  lectorj 
of  Bishopsboume,  near  Ccmterbury,  in  1863,  and  he  held  it  nati/ 
his  death,  in  liis  70th  year,  early  on  Monday  morning,  December 
12,  187U.     His  talents  and  discoveries  have  justly  entitled  him  to  a 
]>laco  amongst  tlie  eminent  men  of  the  day,  and  the  loss  of  him  wili 
Ix;  gfiicnilly  felt  b}'  men  of  science.     His  kindness  of  heart  and 
geniality  of  disposition  endeared  him  to  all  who  came  in  contact 
witli  him,  and  those  who  had  the  privilege  of  his  friendship  will 
sorrow  most  of  all  that  they  shall  see  his  handsome,  benevolent  face 
no  more. — Land  and  Water,  Dec.  17th,  1870. 


Tjik  Student's  Elements  of  Gsology. — By  Sib  Ghables  Lteu, 
I'Ain.,  r.K.S.  Londony  1871,  John  Murray.  8vo.  pp.  624,  with 
mow  tliaii  000  illustrations  on  wood. — ^This  is  an  abridged  edition  of 
Sir  f^harlus  Lyell's  much  larger  volume,  "Elements  of  Geology," 
and  JH  an  endeavour,  on  the  author's  part,  to  meet  the  demand  for  a 
more  oleiiientary  text-book  than  his  former  publications  furnish. 
Ah  wo  only  received  it  just  before  going  to  press,  we  will  not 
niU'iniii  U)  notice  it  hero,  but  only  to  caJl  attention  to  the  fact  that  it 
is  Tiow  to  bo  had.     We  hope  to  give  it  a  proper  notice  next  month. 

Chair  of  Geology  and  Mineralogy  in  the  University  of 
Vjitisiivnan. — Some  time  since  Sir  Roderick  Murchison  offered  the 
iiiunificont  sum  of  £6,000  for  the  endowment  of  a  Chair  of  Geology 
and  Mineralogy  in  the  University  of  Edinburgh,  on  the  under- 
stand in;:  that  the  annual  })n)coeils  of  this  sum  would  be  supple- 
menre*]  by  a  grant  fn^ni  rarliament  We  are  happy  to  state  that 
Gov'.-rriment  has  consented  to  this  proposal,  and  has  agreed  to 
Th^jriiiZLsnd  an  annual  grant  of  £200.  We  believe  the  University 
ii»  l^T'^rlv  indebted  for  this  desirable  result  to  tlie  earnest  co-opera- 
ri'.i:  :f  it*  member.  Dr.  Lvon  Plavfair.  It  is  also  an  evidence  that 
t;.-;  G'-Vvrnment  are  not  so  indifferent,  as  they  have  been  supposed 
V.  ">:.  Vj  :L*r  claims  of  scientilio  education. — Nature,  Dec.  22,  1870. 

T.-.T  Chair  of  Natural  History  in  the  University  of  Edinburgh, 
tr.T  I -.tie*  :f  which  were  so  long  and  ably  discharged  by  Professor 
All::,'.:.,  i.is  been  given  to  Professor  Wyville  Thomson,  F.R.S., 
\:.'i..  '.-.-ir'.j  Pi»fessor  of  Natural  History  at  Queen's  College,  Belfast. 
7' -  >  : :  :•:  irse  creates  a  vacancy,  the  applicants  for  which  are,  we 
v-_i^r--\L  I.  numerous,  but  we  have  not  as  yet  heard  of  any  one  being 

Bl-jlit:  :r  Sir  Kodkrick  MuRrinsox.  Bart.,  F.RS.,  etc. — We 
ltt  ^i..  "1  : :  ':•=•  able  to  announce  ih.it  a  very  considerable  improvement 
Ll*  iJJ:-:-  T  lact-  in  Sir  Kivlorick  Murohisv>n*s  health.  The  Director- 
^rfciirr^*!  ■>  ;  rji^rrvs^iiii:  most  favouraMv  towanls  recoverv. 

jLr?r-..i  LvrriiXATioNAi  F.xuimTioxs. — Inlondini:  Exhibitors  who 
Ll't  1:  :  ^  :  ii:rl2ir.t<\l  •luirwish  to  submit  ol^ivTs  for  selection,  are 
T'T' ''  ••'  :-.-*  'I'-iv  nr.isT  di^  Si-  g1  o*>r/.  or.  a  f i  ni*  pn^vidi'd  for  the  pur- 
yyr^. .  V :_  :.  zLi^j  \k  v'l':;»ini\i  or.  appli^  nvior.  to  :hc  S^vn tary.  The  offices 
t:  rT>.:  Xiisincton-ci^rc.  Lv-naon,  W..  Lieut -Col.  Si\>tt,  B.E.,  Sec, 
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L — On  the  Diamond  Fields  of  South  Africa. 

By  T.  Rupert  Jones,  F.G.S.,  Professor  of  Geology,  Royal  Military  and  Staff 

Colleges,  Sandhurst. 

Diamond  Beoion. — ^Tbe  diamond -bearing  region  in  South  Africa, 
as  at  present  known,  is  chiefly  within  the  valley  of  the  Vaal  River 
and  some  of  its  tributaries  (as  the  Modder  and  the  Vet) ;  but  it  is 
known  also  to  extend  down  the  Orange  (Garief))  Valley  for  a  few 
miles  after  the  junction  of  its  two  great  branches,  the  Ky  Gariep 
(Vaal)  and  the  Nu   Gariep    (Cradock  River).      Bloemhof  on  the 
Vaal,  two  hours  (12  miles)  south-west  of  Potscherfstroom  (Trans- 
vaal), is  the  reported  locality  of  the  most  northern  diamond-find. 
Below,  for  a  distance  of  370  miles,  the  plain  has  yielded  diamonds, 
at  several  places,  on  both  sides  of  the  river,  at  Hebron,  Klipdrift 
(near    Pniel),  Zitzikamma,  Vogelstruis  Pan,   Sitlacomie's  Village, 
Sikoneli's  Village,  Nicholson's  Farm,  Kalk  Farm  (near  Litkatlong), 
etc. ;  and  on  the  south  side  of  the  Orange  River,  they  have  been 
found  some  miles  north-west  of  Hopetown,  at  Probecrfontein,  Roode- 
kop,  David's  Pan,  etc.     Diamonds  are  also  said  to  have  been  found 
a  few  miles  east  of  Fauresmith,  on  a  branch  of  the  Modder,  about 
100  miles  south  by  east  of  Litkatlong ;  also  a  few  miles  south  of 
Winburg  (also  in  the  Orange   River  Free  State),  in   the   upper 
drainage  of  the  Vet  River,  about  80  miles  from  the  Vaal. 

Geology  of  the  Diamond  Region. — Owing  to  the  country  being 
mostly  flat  and  very  much  coated  with  loose  sand,  its  geological 
structure  has  not  been  fully  understood  as  yet ;  and  the  endeavours 
of  travellers  and  colonists  to  describe  the  rocks  and  minerals  they 
have  met  with  on  the  Vaal  are,  with  few  exceptions,  so  much  en- 
feel>led  by  want  of  exact  knowledge,  both  of  geology  and  mineralogy, 
tliat  the  very  numerous  and  indifferently  printed  letters,  lectures, 
and  notices  in  the  coli)nial  periodicals  tail  to  givo  us  more  than 
an  imperfect  sketch  of  the  geological  features  and  characters  of  this 
interesting  region. 

Among  those  who  have  contributed  to  our  knowledge  of  the 
geology  of  the  Orange  and  Vaal  Valleys,  are  Mr.  A.  G.  Bain,  Dr. 
R.  N.  Rubidge,  Mr.  Wyloy,  Dr.  W.  G.  Atherstone,  Mr.  Ili^son,  Dr. 
John  Shaw,  Dr.  Exton.  Dr.  Muskett,  Dr.  G.  Grey,  Mr.  E.  T.  Cooper, 
Mr.  Gilflllan,  Mr.  G.  W.  Stow,  and  Mr.  C.  L.  Griesbach. 

VOL.  VIII.— xa  Lxxx,  K. 
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In  Mr.  Bain's  geological  map  and  sections  of  South  Africa  (Trans. 
Geol.  Soc.,  2nd  ser.,  vol.  vii.,  pi.  20  and  21),  the  middle  strata  of  his 
great  **  Karoo  formation'*  range  np  to  the  Orange  Biver  in  Lat 
29^  30'  Sm  thenoe  along  the  Modder  Biver,  and,  skirting  the  north 
side  of  the  Winburg  Boad,  they  extend  for  a  great  distance  to  the 
aorth-ectft,  thereby  including  the  diamond-fields  near  Hopetown 
and  Fauresmith ;  whilst  that  near  Winburg  lies  on  the  upper  portion 
of  the  Karoo  series,  according  to  his  map  and  his  section  '^Na  3." 
Whether  or  no  the  Karoo  beds  extended  as  far  as  the  Vaal,  was  not 
clear  when  his  work  was  published.  Since  then,  however,  more 
information  has  been  obtained  by  Bubidge,  Wyley,  Higson,  Gilfillan, 
Stow,  Griesbach,  and  others. 

Br.  Bubidgo  ^  noticed  the  occurrenoe  of  the  Bicynodont  strata  in 
the  Vaal  Valley  at  Winburg  and  Hiirriesmith,  also  in  the  Draaken- 
berg,  and  in  the  Transvaal  at  Magaliesberg. 

Mr.  A.  Wyley  (in  **  Notes  of  a  Journey  across  the  Colony  in 
ISoT-S  *')  described  the  Hopetown  district  as  consisting  of  sand- 
stones and  shales,  intersected  by  dykes  of  igneous  rocks,  amd  as  the 
same  as  the  Karoo  series  to  the  south. 

Mr.  Gilfillan  ("  Grahamstown  Journal,"  July,  1870)  has  noted  the 
oocarrence  of  horizontal,  hard,  blue  shales  (Karoo)  between  Hope- 
town  and  Litkatlong.  Mr.  Higson  has  satisfactorily  described  the 
Karoo  beds  on  the  Modder  and  the  Vaal  (see  further  on,  p.  52). 

Mr.  Stow,  in  a  paper  lately  read  before  the  Geological  Society  of 
London,  indicates  that  the  Karoo  beds  pass  northwards  across  the 
Free  State.  Lastly,  Mr.  Griesbach  has  informed  me  that  he  has  seen 
sections  of  Karoo  beds  on  the  Vaal,  and  in  its  branches  or  "spruits" 
coming  from  the  north;  and  not  only  that  these  beds  exist  iu  the 
Transvaal  (Magaliesbei^),  but  also  further  north  on  the  Zambesi. 

It  is  observable  that  such  scattered  information  as  is  given  respeot- 
ing  the  valley  of  the  Vaal  refers  to  a  striking  difference  of  scenery 
between  that  of  the  Cape  Colony  and  that  of  the  Orange  Biver  Free 
State ;'  where  low  and  often  rounded  hills,  in  flat  sandy  trticts,  have 
taken  the  place  of  high  flat-topped  hills,  sharp  points,  and  steep- 
sided  valleys,  of  sandstones,  shales,  and  trap-rocks.  Such  rocks, 
however,  as  have  been  observed  in  place  in  the  Vaal  Valley,  where 
the  superficial  deposits  have  been  removed  by  wind  and  rain,  are 
referroil  (by  Mr.  Gilfillan,  as  above  noticed)  to  **  hard  blue  schist," 
north  of  Hopetown,  between  the  Orange  and  the  Modder,  and  to 
"yellow  schist  and  conglomerate,"  at  the  junction  of  the  Modder 
and  the  Vaal,  with  igneous  rocks  at  both  places.  These,  talking 
"  schist "  to  mean  hard  shale,  are  not  different  from  some  of  the 
Karoo  Iwds  further  south,  and  their  intrusive  dykes,  especially  as 
the  bedding  is  said  to  be  horizontal.  Quartzite  ('*  quart zoso  crys- 
talline sandstone"),  however,   is  alluded    to    by  Dr.  John    Shaw,' 

*  Quart.  Journ.  (rcol.  Soc,  vol.  xii.  p.  237  ;   1856. 

*  BIr.  Bain  incidentally  mentions  tliat  between  the  Banihus  Bcrpen  nnd  "the 
maffnifioent  Xu  Gariep  oi  OranLifo  River  .  .  .  detaehe'l  hills,  separated  by  extensive 
and  dreary  plains,"  are  the  features  of  the  country.  Trans.  Geol.  Soc,  2nd  ser.,  vol. 
Tii.,  p.  58. 

*  "  drrahamstown  Jnunml,'*  January  20,   1869;     "Cape  "MotLl\i\'^  'NVvv^-mftftJ' 
September,  186V ;  ''Nature,"  November  3,  1869. 
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together  with  some  kinds  of  gneissic  and  igneous  rooks  ("  amygda- 
loidal  waoke  '*),  as  occurring  in  a  ridge  pamllel  with,  and  distant  a 
few  miles  on  the  north  from  the  lower  Vaal  (reaching  as  far  as 
Sitlacomie's  village)  in  the  same  district.  These  are  probably  palsoo- 
zoic  rocks,  cropping  up  from  beneath,  to  the  north  of  the  river. 
Dr.  Shaw  says  that  "  trap,  metamorphic,  and  conglomerate  rocks,*' 
occur  all  through  the  Vaal  Valley,  and  that  frequently  there  is 
'•'basalt  protruding  through  conglomerate  and  amygdaloid  trap;" 
but  these  so-called  '' metamorphio "  rocks  are  not  clearly  defined, 
and  the  "  binary  granite,"  *  "  syenite,"  "  clay-schists,"  and  "  sand- 
stone/' if  not  debris  of  rocks  from  the  Transvaal,  to  the  north  and 
north-east,  may  be  remnants  of  the  Karoo  beds  and  of  their  igneous 
dykes,  intercalations,  and  included  boulders ;  whilst  his  *'  chalk  or 
something  like  it "  is  probably  the  well-known  8U})erficial  tufa  of 
the  district. 

Dr.  Muskett  has  noticed  that  sandstone,  passing  upwards  into 
conglomerate,  regularly  stratified,  traversed  by  trap-rocks,  and 
similar  to  that  in  most  of  the  hills  between  Graaf-Keinett  and  Port 
Elizabeth,  forms  the  base  of  the  (Lower  ?)  Vaal  Valley.  This  in- 
dicates the  continuance  of  the  Karoo  be<ls. 

Somo  extracts  from  the  diary  of  Mr.  G.  S.  Higson,  published  by 
Professor  Tennant  (with  some  notes  on  diamonds,  etc.)  in  1870,  give 
tlie  cheapest  account  of  the  geology  of  the  diamond-fields  of  the  Vaal. 
lie  left  liainsvlay,  near  Bloemfontein,  in  March,  and  next  day  on 
the  Modiler,  opposite  Wonderkop,  he  saw  blue  and  oohroous  shales 
of  the  Karoo  series,  "  capped  with  the  common  blue  basaltic  trap 
or  '  ironstone '  of  the  countiy."  In  the  Middelveld,  at  the  end  of  the 
next  8ta«^,  he  noticed  that  "  one  of  the  hills  had  a  thick  coat  of 
coarse  sandstone  under  the  trap,  and  overlying  the  clay-shales." 
Passing  several  farms,  he  came  to  Bultfontein  (or  Du  Toit's  Pan), 
where  many  small  diamonds  had  been  found.  Here  in  two  water- 
pits  **  good  sections  of  tlie  shale-formation  are  brought  to  view,  in- 
tersected and  upraised  by  the  basaltic  dykes ;  in  one,  to  an  angle  of 
about  seven  degrees,  sloping  off"  from  each  side  of  the  dyke,  and 
striking  east  and  west ;  in  the  other  the  shales  are  tilted  up  to  about 
25*^.  I'his  is  contrary  to  the  experience  of  the  late  eminent  geolo- 
gist, A.  G.  Bain,  in  similar  Dicynodont  formations  in  the  Old  Colony, 
where  effusions  of  trap  have  not  disturl)ed  the  horizontal ity  of  the 
eliales.  May  not  this  have  something  to  do  with  the  local  distribu- 
tion of  the  diamonds  ?  "  Having  left  Pniel,  he  came  upon  a  section 
"  by  the  side  of  the  road,  going  up  the  river,  between  the  station 
and  IVIr.  Hay  ward's  farm,"  showing  "  where  the  clinkstone  and 
amygdaloid  had  run  over  the  basaltic  trap."  At  the  diamond-dig- 
gings below  Pniel  "  the  formations  on  both  side  of  the  river  are 
similar  —  liasaltic,  greenstone,  and  quartz  dykes  intersecting  the 
i;^r()iin<l,  and  crossing  through  the  river  from  side  to  side."  Mr. 
Higson  then  adds —  "Went  about  the  hills  searching,  but  without 
success.     Examining  a  gully  about  1 J  miles  down  the  river,  I  was 

*  A  granilite,  or  binary  granite,  is  alluded  to  by  Mr.  Higson  (see  further  on,  p.  63), 
veiug  the  fundamental  rock  of  the  Vaal  Valley. 
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snooesflfiil  in  disoovering  an  immense  deposit  of  the  underlying  rock 
of  the  diamond  region.     It  is  a  porphyritic  gneiss,  and  no  doubt  has 
a  very  extensive,  range  in  South  Africa.     Mr.  Hiibner  showed  me 
specdmens   of  the   same   fundamental   rock,  which  he  had   found 
covering  a  large  area  of  country  to  the  north  :  it  is  the  underlying 
stratum  at  the  Tatin  and  northern  gold-fields,  at  the  Chief  Machines 
town,   in  the  Bamangwato  hills,  and  forms  the  great  mass  of  the 
Maqaassie  range  of  mountains  in  the  Transvaal ;  but  Mr.  Hiibner 
bad  been  unsuccessful  in  tracing  it  again  after  leaving  the  Maquassie. 
Mr.  Hiibner  calls  it  a  *  porphyritic  granilite,*  but  I  have  rather  ad- 
hered to  the  nomenclature  of  Dr.  AUierstone  and  others.     My  thus 
finding  the  same  underlying  rock  across  the  Yaal  forms  a  connecting 
link  between  the  mineral  regions  of  this  part  of  the  country,  the 
Transvaal,  and  the  'far  interior.^     Proceeded  about  16  miles  down 
the  Yaal ;  formations  the  same  as  before." 

Thus  the  Karoo  strata  continue  not  only  up  to  the  Yaal,  but  into 
and  beyond  the  Transvaal,  and  form  considerable  portions  of  the 
region  to  the  east,  bordering  on  and  forming  part  of  Natal.  In  the 
diamond-districts  they  have  been  worn  down  to  a  low  level,  in  some 
places,  perhaps,  to  the  lowest  crystalline  rocks,  at  all  events  down  to 
the  "  Devonian"  strata,  which  certainly  come  out  to  the  hilly  surface 
farther  to  the  north-east,  where  Dr.  Carl  Mauch  found  specimens  of 
Murchisonia  in  Sekhomos  and  Mosilikatzes  couatry,  in  the  Trans- 
vaal Bepublic,  in  1867. 

Of  the  well-known  "  Karoo  Formation  "  itself,  we  may  say  that  it 
consists  of  an  enormous  series  of  shales  and  sandstones,  rich  at  places 
with  the  wonderful  remains  of  extinct  Beptiles  {Dicynodon,  Oudeno- 
don,  MicrophoUs,  Galesaurus,  Cynochampsa,  Maasospondylus,  Pachy- 
spondylus,  Leptospondylus,  EtLskelesaurua,  OrosauruSy  Saurosternon, 
Pristerodon,  and  others  undescribed),  and  Palaeoniscan  Fishes,  to- 
gether with  Coniferous  Trees,  Ferns,  and  other  Plants  (among 
which  Lepidodendron  has  been  noticed  by  Rubidge  and  Grey), 
and  coal-beds  also.  These  strata  are  crossed  by  frequent  trap- 
dykes  (doleritic?,  dioritic,  and  syenitic)  at  different  angles  ;  and 
are  often  overlain  by  and  intercalated  with  similar  igneous  rock. 
Being  horizontally  bedded  and  much  denuded,  this  extensive  series 
of  strata  constitutes  table-lands  and  flat-topped  hills,  deeply  divided 
by  broad  valleys.  A  remarkable  feature  in  this  great  series  of 
probably  lacustrine  deposits  is  its  basement-bed  of  angular  and 
rounded  blocks  of  trap,  granite,  etc.,  massed  together  in  a  dense 
cement,  which  in  some  places  appears  to  bo  felspathic,  but  elsewhere 
argillaceous.  Hence  this  great  persistent  band  has  been  vanously 
termed  " claystone-porphyry "  (Bain)  ^'trappean  conglomerate^^ 
(Wyley),  "a  species  of  trachyte"  (Sutherland),  and  *; Moulder-clay 
(Sutherland  and  Griesbach).     The  late  Dr.  Rubidge  thought  thai,  on 

»  This  "granilite-  may  powibly  also  he  the  wme  as  ^^^'^l^l^n'J^S" "iu^t^^^^^^ 
Paarl  and  near  Bain's  Kloof,   not  far  from  Cape  Town.    Oeo\.  lxw^-i  '•^ 
vol.  Tii.,  J).  J  7P. 
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tlio  Hanks  (if  the  Zuurberg  (near  Grabamstown),  this  great  trap- 
breccia  had  received  its  felspathio  character  from  metamorphic  in- 
fluences (Quart.  Journ.  Gool.  Soc.,  toL  xv.,  p,  198). 

The  Karoo  beds  have  been  enormously  denuded  in  the  great 
catchment  area  of  the  Orange  and  the  Vaal,  on  a  scale  proportionate 
to  the  vast  destruction  these  strata  have  been  Biibjectcd  to  through- 
out their  extent,  as  indicated  by  Bain*  and  Kubidge,*  and  more 
ehi])<.)rately  described,  in  the  case  of  the  Eafitem  Province,  by  Mr. 

To  the  north-cast  of  Cronstadt,  the  Vaal  Valley  oomes  into  the 
Sfindstone  dihtriet  (continuous  with,  and  a  part  of,  the  Karoo  series), 
from  off  the  old  quartzites  and  gneiss  of  the  Transvaal.  These  are 
broken  through  by  volcanic  rocks  (with  craters  to  the  south-west  of 
the  (jiats  Kand,  Transvjial),  and  associated  with  marble,  and  dyked 
witli  granite,  on  that  watershed  of  some  of  the  northern  tributaries 
of  the  Yaal  (Higson).  The  great  I>raakenl)crg  or  Quathlamba  range 
supplies  the  other  head  waters  of  this  diamond-sanded  river,  llie 
])nuikenberg  consists  of  Karoo  beds,  intercalated  and  surmounted 
with  trap-rocks  (Sutherland  and  Griesbach). 

The  Wittehergon,  also  composed  of  Karoo  strata  and  volcanic 
rocks,  hranf'li  oil  westward  from  this  great  range,  at  about  29®  8. 
Lat.,  and  divide  the  head  waters  of  the  northern  tributaries  of  the 
Vaal  from  those  of  tlie  Calcdon  and  Orange  Rivers,  which,  rising  in 
the  Mnnt-aux-Sourees  or  Boutu  Bouta  (about  10,000  feet  above  the 
s(;a),  at  the  divergence  of  these  mountains,  run  over  the  Earoo 
strata  of  liasutu  Land,  Smithfield,  Colesberg,  etc,  to  the  neighbour- 
hood of  Ilopetown,  where  our  remarks  began. 

Al.LUVIUM  OF  THE  VaaL  AND  OrANGE  EiVERS,  AXD  P0S6TBLE  SOURCES 

OF  TiiK  Diamonds. — The  superficial  deposits  of  the  Vaal  Valley  (we 
are  told)  consist,  in  some  places,  of  a  ferruginous  unctuous  soil,  with 
or  without  sand  and  pebbles ;  at  other  places,  of  calcareous  tufa, 
with  or  without  pebbles  ;  and  elsewhere  of  drifting  sand,  or  of  clay 
of  various  colours.  These  lie  either  over  gravel  or  on  tufa,  or  on 
the  l)asalt/  conglomerate,  or  other  bottom-rock.  Superficial  out- 
spreads of  pebbly  gravel  are  frequent,  with  or  without  any  of  the 
foregoing.  Ridges  of  shingle  also  oc*cur;  and  sometimes  angular 
quartz4)se  gravel'*  appears  to  predominate.  Of  what  the  stnttified 
conglomerate  (mentioned  above  as  a  bed-rock)  consists  is  not  stated  ; 
but  the  shingly  deposits  on  the  surface,  whether  loose  or  cemented 
with  iron-oxide,  are  mainly  composed  of  more  or  less  rolled  frag- 

1  Oeol.  Tranji.,  2nd  ser.,  vol.  vii,,  p.  67  ;  1845. 
'  Geol.  Mao.,  Vol.  III.,  p.  88,  etc. 

'  In  a  paper  lately  read  before  the  Goologioal  Society  of  London. 
*  The  biisalt  is  said  by  some  to  be  a  very  dilFcrent  igneous  rock  from  the  abundant 
**Toonstune  of  the  country  to  the  south  and  south-west. 

pr.  J.  Shaw  remarks  that  the  angular  quartz  gravel  is  said  to  be  bad  gjoun  d 
''amonds ;  and  that  the  pebbly  alluvium  is  better  for  the  finders. 
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ments  of  cbaloedony  (agate  and  camelian),  with  both  rolled  and 
fresh  dystals  of  qnartz,  and  with  much  broken  garnet  and  peridot. 
A  rusty  coating  of  iron-oxide  frequently  obtains.  Basalt,  oon- 
glomerate,  and  sandstone,  are  among  the  coarser  debris  of  the  valley,^ 
which  is  in  some  places  ''strewn  with  fragments  of  rock"  (Cooper). 
The  diamonds  are  found  in  the  gravel  and  in  the  sandy  soil  above 
it ;  and  occasionally  in  the  tufa  here  and  there  associated  with  the 
gravel.  The  gravel  or  shingle  occurs  not  only  on  the  flats,  but  on 
the  hills  and  hillocks  called  *'  kopjes  "  (over  100  feet  high).  Some 
at  least  of  these  seem  to  be  protrusions  of  basalt,  or  outliers  of 
strata  and  dykes,  of  limited  extent,  with  rifts  (''  kloofs")  and  hollows 
on  them.  They  are  coated  with  sand  and  gravel,  and  the  latter  is 
said  to  be  particularly  diamantiferous.' 

Mr.  OilfiUan,  in  the  <' Grahamstown  Journal,"  July,  1870,  states 
that,  *'  from  the  &ct  of  the  stratification  being  horizontal,  and  the 
diamonds  ■  being  exposed  after  heavy  rains,  and  so  many  of  them 
having  been  found  at  intervals  over  a  large  surface  (along  the  course 
of  the  Vaal  River),  and  the  surface  having  very  little  incline,  I 
came  to  the  conclusion  that  the  South- African  diamond  deposits 
must  extend  over  an  immense  tract  of  country,  more  or  less  imme- 
diately at  the  surface,  along  the  valley  of  the  Yaal,  and  that  where 
the  appearances  are  favourable,  such  as  spots  where  there  is  little  or 
no  vegetation,  with  quantities  of  pebbles  of  quartz  variously  coloured 
(green  and  rose-coloured  more  particularly),  and  black  and  red  and 
ribbon  jaspers,  and  rolled  fragments  of  iron-ore,  scattered  over 
the  surface  on  a  ferruginous  soil,  with  conglomerate  rock  in  the 
vicinity,  diamonds  will  be  found  both  on  &e  surface  and  a  few 
inches  below  it" 

Opportunities  of  examining  parcels  of  the  Vaal  River  gravel 
(mostly  sorted)  have  been  afforded  me  by  Messrs.  Atherstone,  Ochs, 
Grey,  and  others ;  and  Prof.  Tennant  has  kindly  aided  me  in  draw- 
ing up  the  following  list  of  minerals  from  these  diamond  gravels, 
both  by  adding  from  his  own  parcels,  and  by  determining  some  that 
were  doubtful: — Chalcedony,  Agate,  red  and  white  Camelian, 
Mochastone,  Semiopal ;  subangular  and  rounded.  Quartz,  pellucid, 
smoky,  milky,  opaque ;  both  perfect  and  waterwom  crystals.  Ame- 
thyst. Jasper  and  Lydite,  waterwom.  Caleite,  fragments.  Selenite, 
crystals.  Gramet  (Pyrope)  and  Cinnamonstone  :^  fragments  of  garnet 
very  plentiful,  perfect  crystals  rare.  Chlorite.  Natrolite  and  Meso- 
type,  crystals  and  fragments.  Olivine  (Peridot),  fragments  plentiful. 
Diopside,  fragments.     Tourmaline,  perfect  and  broken.     Hepatic  Py- 

*  Dr.  J.  Shaw  writes  of  the  matenals  of  the  allavium  thus : — "  The  pebbles  of  sand- 
ttone,  quartzite,  crystalline  sandstone,  granite,  clayslate,  agate,  tourmaline,  iron- 
pjrites,  garnet,  garnet-spinel  [?],  etc.,  which  compose  this  alluvium,  are  all  roundedly 
polished  and  waterwom,  and  are  imbedded  at  Klipdrift  in  a  brownish  fatty  earth." — 
Nature,  Nov.  3,  1870. 

•  All  philologists  must  protest  against  the  mongrel  word  "  diamondiferous," 
ptrtlj  English  and  partly  Latin,  that  the  Colonists  have  adopted  instead  of  *'  diamond- 
bearing'*  or  "diamantiferous." 

>  Some  of  these  haye  beeo  quoted  as  ''Bubies." 
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rites,  perfect.     Specular  Iron-ore,  Pea-iron-ore,  and  other  Oxides  of 
iron.     Union ite,  waterworn  fragments. 

Professor  Tonnant  *  has  also  received  a  large  piece  of  greenstone- 
amygdaloid,  having  its  cavities  mostly  filled  with  Calcite,  a  few 
with  Chalcedony,  and  still  fewer  with  Greenearth  and  Olivine. 

If  not  denuded  everj'where  down  to  the  underlying  palaeozoic 
rocks,  possibly  the  Karoo  basemcnt-becl  of  "  trap-breocia "  or 
bouldor-doposit  (if  it  ever  reached  thus  far)'  may  have  been  left 
exposed  somewhere  along  this  great  valley,  and  yielded  its  granitic 
trappean.  and  other  blocks,  which  elsewhere  along  the  outcrop  of 
this  remarkable  band,  in  Natal  and  across  the  Cape  Colony,  are  often 
of  massive  j)roi)ortion8. 

Not  only  tliis  groat  breccia,  but  other  strata  of  the  Karoo  series 
contain  granitic  material  f  and  some  of  even  the  highest  of  them  are 
comprised  of  it,  some  of  the  sandstones  being  quartzosc  with  a  little 
mica,  and  much  decomposed  felspar.  Hence  any  simple  minerals 
once  in  the  gi-anite  or  old  schists  may  have  been  liberated,  unaltered 
and  unworn,  on  the  further  and  perhaps  recent  degradation  of  old 
granitic  debris.  A  perfect  and  delicately  thin  crystal  of  tourmaline, 
from  the  Vaal,  now  in  Dr.  Atherstone's  possession,  indicates  this,  as 
well  as  numerous  perfect  crystals  of  quartz,  hepatic  pyrites,  etc. 
Many  of  the  minerals  in  the  gravel  seem  to  be  traceable  to  igneous 
(amygdaloid )  rocks,  and  some  to  palaeozoic  rocks,  in  pla4!e  not  far 
off.*  Mr.  liain  long  ago  observed*  that  the  Orange  River,  to  the 
west  of  Aliwal,  has  "pebbles  of  serpentine,  steatite,  asbestos,  agate, 
and  amyplaloid,  lK)thof  black  and  white  colour;  these  minerals  being 
entirely  different  from  those  which  form  the  materials  of  the  pebbles 
occurring  in  the  river-beds  within  the  Colony."  Certainly  for  such  soft 
minerals  and  rocks  as  some  of  those  here  mentioned,  and  for  pieces 
of  asbestos  (tremolite)  veins  picked  up  on  the  Vaal  (Grey),  there 
must  be  such  neig1i1>ouring  sources  as  outcropping  masses  of  meta- 
mori)hic  rocks  would  afford,  like  the  "  Asbestos  Mountains  *'  lower 
down  the  Orange  Eiver.  Asbestos,  serpentine,  and  steatite  are 
elsewhere  associated  with  metamorphic  rocks,  as  they  are  on  the 
Orange  Kiver  and  the  Uj)per  Vmd.  Hie  quartz  and  amethyst 
crystals  might  be  derived  either  from  amygdaloidal  gcodes  (Gregory), 

'  See  also  Prof.  Tcnnanfs  lecture  on  South -African  Diamonds,  Journal  Soc.  Arli, 
Nov.  25,  1870,  p.  15,  etc.     RqK>rte(l  in  the  Geol.  Mao.  for  January  last,  p.  35. 

'  The  pul:LM>zoic  rocks  of  the  Transvaal  havini^  been  at  least  a  shoal,  overlapped,  if 
not  wholly  c(»vered,  by  the  Karoo  formation,  it  is  highly  probable  that  the  latter 
comm<?nccd  with  the  boulder-bed  here  as  elsewhere.  It  is  possible,  however, 
that  the  latest  bids  only  of  the  Karoo  formation  reached  thus  far ;  and  hence  the 
CDig:nia  of  I'aheozoic  coal-plants  in  the  same  section  with  the  Mcsozoic  fossils  in  the 
StornibcTe. 

*  See  also  Dr.  Sutherland's  observations  on  the  blocks  of  porphyritic  granite  in  the 
arko!H%  or  granitic  sand,  of  the  Karoo  beds  in  Natal,  as  well  as  in  the  breccia  (which 
in  1855  he  thought  to  be  of  volcanic  origin).  Quart.  Joum.  GeoL  Soc.,  Yol.  zii., 
pp.  466  and  467. 

*  Th(.T«!  is  si'lonite  (small  sagittate  macles ;  Grey)  of  local  origin,  which  may  hare 
'■©fiultcd  from  decomposition  of  pyrites  in  the  drift',  and  reactions  with  the  tufii. 

*  Trans.  Gaol.  Sac.,  i^nd  ser.,  vol.  vii.,  p.  68,  1845. 
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ti  quartz-veins  in  Karoo  beds,'  in  old  schists,'  or  in  granite. 
)andant  peridot  or  chrysolite .  of  the  alluvium,  however,  is 
le  perhaps  to  the  amygdaloids  of  the  Karoo  beds,  if  not  to 
Icanic  rocks  of  the  Gats  Rand,  though  it  may  have  come 
etamorphic  rocks; '  whilst  garnet  is  found  in  both  igneous  and 
>rphic  rocks/  Diopside  occurs  in  crystalline  rocks.  Ilmenite 
patic  marcasite  are  known  only  in  metamorphic  rocks, 
great  abundance  of  agat«  in  the  river-alluvium  necessarily 
to  the  amygdaloidal  lavas  of  the  Karoo  formation  as  the 
whence  the  Orange,  the  Vaal,  and  their  tributaries,  have 
d  a  large  proportion  of  their  gravel  (Rubidge,  Quart.  Joum. 
Joe.,  voL  xi.,  p.  7 ;  and  Atherstone,  Geol.  Mao.,  Vol.  VI., 
I.  There  must  be  much  amygdaloid  in  Bxtik,  or  imbedded, 
I  from  the  unworn  crystals  of  natrolite,  peridot,  etc.  Agate 
'  is  traceable  up  the  higher  streams  ;  but  whether  or  no  these 

Babidge  showed  me  a  crystal  of  topaz  in  a  piece  of  one  of  the  Karoo 
8  qaartz-dykes  near  Smithficld,  described  in  the  Quart.  Joum.  Gool.  Soc., 
>.  4,  and  toI.  xii.,  p.  237.  Should  some  of  the  gold-bearing  quartz-veins, 
ecor  on  the  Kraai  River  and  near  Smith  field,  be  continued  northward  to  the 
sy  would  be  probable  sources  of  rock-crystal,  topaz,  and  gold;  but  as  the 
ery  poor  at  the  places  named,  we  cannot  reckon  on  the  suppiv  being  great 
;.  I>r.  Muskett  (in  a  letter  read  at  a  meeting  of  the  Port-Elizabetn  Nat. 
5iety,  October  29,  1868)  expressed  an  opinion  that  the  diamonds  may  have 
it  nee  by  the  disintegration  of  the  highly  ferruginous  trap-rocks  that  abound 
spot  where  they  have  been  found.'  We  learn  from  Mr.  Higson  (quoted 
p.  52),  that  both  trap-dykes  and  quartz-dykes  of  the  Karoo  series  traverse 

■ 

jtey  has  sent  to  England  trcmolite,  amethyst,  quartz  with  galena,  a  workable 

f  steatite,  and  massive  prehnite,  from  the  valley  of  the  Vaal.     (Exhibited 

e  Geological  Society,  November,  1870.) 

'Bolite  is  common  in  the  Briizilian  diamond-drift,  though  only  metamorphic 

»ear  to  have  yielded  the  debris. 

^rnet-sand,  washed  for  pyrope,  near  Bilin,  in  Bohemia,  has  been  found  to 

liamonds.    Bull.  Geol.  Com.  Italy,  1870,  p.  175   (this  fact,  however,  is 

in  Poggendorf's  Annalen) ;  and  Geol.  Mao.,  1870,  Vol.  VII.,  p.  348. 

:c  pebbles  are  known  in  the  upper  part  of  the  Caledon  Biver ;  and  pebbles  of 
)ia  rock  and  rolled  agates  on  the  north-eastern  branch  of  the  Orange  River, 
le  Kraai.  In  18o6  Dr.  Rubidge  remarked  that  *'  the  amvgdaloid  rock  which 
;he  agate-gravel  of  the  Orange,  Caledon,  Kraai,  and  Vaal  Rivers  appears 
n  the  *  Mont-aux-Sources '  (Ginnt's  Castle),  in  the  Draakenberg,  as  an  un- 
3cimen  was  found  in  the  Eland  River  (a  tributary  of  the  Yaal),  not  more 
Ive  miles  from  its  source." — Quart.  Joum.  Geol.  Soc,  vol.  xii.,  p.  237. 
otnote  at  p.  223,  Trans.  Geol.  Soc,  Second  Series,  vol.  vii.,  1858,  mention  is 
jome  drifted  ossicles  of  Encrinites,  picked  up,  when  Sir  G.  Cathcart  returned 
unsuccessful  attack  on  Moshesh,  by  a  soldier,  near  the  most  easterly  branch 
of  the  Orange  River,  where  they  were  associated  with  ferruginous  casts  of 
Teted  shells  [MurchUonia  ?],  with  fragments  of  agate,  quartz,  and  fossil 
d  with  crystals  of  mundic  The  occurrence  of  Devonian  strata  at  the  base 
"aakenberg  is  indicated  in  all  probability  by  the  fossils  referred  to ;  and,  whilst 
:z  and  mundic  may  be  referable  to  veins  in  such  rocks,  or  to  altered  schists 
ne  or  greater  age,  the  agate  and  fossil  wood  are  sure  local  signs  of  the  Karoo 

0  the  river-gravel  from  near  the  mouth  of  the  Orange  River,  referred 
i  same  footnote,  with  its  Encrinital  joints,  rolled  amygdaloid,  waterwom 
melian,  cream-coloured  chert,  and  greenstone,  and  fragments  of  micaceous 
.  copper-ore,  points  to  the  Metamorphic,  Devonian,  and  Karoo  strata,  through 
i  river  runs,  in  escaping  ^om  the  interior  of  South  Afiica  on  iViQ  '^^^Xriw. 
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(.M-rriits  \\.\\K\  ill  n*I:itiv(>1y  late  times,  supplied  much  of  the  agate 
thai  now  r«i:ils  thi«  Mats  of  the  groat  valley,  or  if  an  old  alluTiam* 
Ins  InHMi  ro-siltiMl  iiiid  ivdiicod  to  lower  levels,  or  if  the  degradaiion 
i<t'  I  hi'  roi'ks  ill  phu't^  during  immense  periods  of  time  has  left  the 
;i:*..iti»  iv'»^»*J  ^**  ^^^**  Vxx"^  Slnto.  ai-o  open  questions.'  Again,  has  thu 
di*''.i:i%i  iiiiMi  hivn  duo  to  atmosplieric  and  plu\'ial  action  tRubidge, 
rt."  '\  .M  »n  linlv  to  glaoial  aotii>u,  as  recently  advcxiated  by  Mr.  G.W. 
St«>w  111  iMthoi*  oaso.  wbcthor  tlic  diamonds  and  other  minerali 
!i.i\%'  »-.'in.»  out  of  giimito.  palanizoic  schists,  or  Karoo  l>eds,  even  if 
ih.'\  lvi\.'  l»»vu  brought  fnuu  some  distance,  they  may  have  come 
w  nh.Mi'  »l.iti\.iiv^»  in  tho  glaoiors  and  the  river-ice,  or  they  may  have 
ls\u  u.\  .1  tiv'ni  thoir  travidlod  matrix  by  8ul>seciuent  degradation. 

\\\\\  ^\^  i;  \\.is  ihoir  original  matrix,  and  where  is  it  to  be  sought 
f'.M  ■  h  '.'.  bo  i'.r.nviio.  that  n>ok  is  still  to  be  found,  perhaps  in 
!.«.  •'.  I  ■:•.»•) v»ps  \\\k\  vvrlainly  not  far  up  tho  Vaal,  above  Pot&cherfs- 
^.  .  ■.•:»-.'i;:'.l'.  \\w  *'ltl  granito  slioros  bounding  the  Karoo  forma- 

r.  ■«  ■  .\.'  ■'''••.  siiuv  bivn  worn  down  to  lower  levels  even  tlian 
•  '.-,,  •'  .•  o.»i'%'sitji  oiuv  formod  of  and  within  them.  Plentiful 
'  .'w  .'\  ,M .  of  tho  old  gnuiito  are  contained  in  the  Karoo  beds, 
.  '.*  »\|'OM'd.  as  Ivtoiv  Siiid. 

l-  :t!  n  •  :-.i;iMssio.  n»ioai"»'t»us.  tiilcoso,  argillaceous,  or  other  schists 
il,,.  p.  I!.  t\  oT  di.injonii  is  to  be  looked  for,  wo  are  not  witlumt  in- 
»li,  uiiMi.  ol"  iho  rxistoniv  of  such  old  alti^red  nwks,  together  with 
niiil«l«*  in  :»»»d  aI»oiit  tliis  region;  f(U'  they  are  not  wanting  on  the 
luMih  -.hI-'  ••''  <*•«'  ^•^•'^  '"*'^  Orange  basin:  and  they  are  all  usually 
„..n,..i  ii.nl  wilh  granito  nioro  or  less  iutimately.^ 

'I'h.ii  M.mi»  old  srhistoso  rocks  contain  diamonds  in  Brazil  is  well 
Known.  rHiMM-ially  tho  granular  quartzose  rock,  called  "  itacolumite" 
(Nnnii'iiinrM  llrxihin*),  and  certain  argillaceous,  micaceous,  chloritic, 

null'  .il  III-  miiiiui-nl.  As  (liamontls  arc  associated  with  the  ruins  of  such  rocks  in  the 
ii|i|iii  |i'iii  ••'  •'•''*  Vy^"'^^  river's  course,  possibly  they  may  l>c  found  amonff  the 
i|.  I  Ml  111  Ml  III-  «i.inn5  rorks  crossed  by  it  near  its  mouth.  As  Dr.  Suthurland  hai 
nhinvii  ili.it  iilil  i-ryttiilli lie  j)al.'cozoic«  and  Karoo  n)cks  aro  all  denuded  together  in 
Nil  I II  I.  tii'ib.iiilv  :iiiion«,'  thtir  riiins  diamonds  are  to  bo  found  in  that  country  ul$o. 

I  I'm  III  ltiilinl;r«?'s  viuwH  rcsjMJCtinjf  the  eastern  source  of  the  agates,  and  of  the 
iilil  lii.'li  I-  v- 1  Hals  and  terniccs  ofujjato  j^ravel,  see  Gkol.  Mao.,  Vol.  III.,  p.  89. 

*  III  h.lifi  Sliiiw  '**  Nnturr-/'  Nov.  3,  1870)  thinks  that  *'a  series  of  mctamorphio 
Niifl  i-i'lsiiM  nfai y  roik**  wliicli  lay  above  the  present  rock-system  of  the  region,"  have 
til  I II  *\','t,\i  worn  iloHii ;  thu  shifted  and  reduced  dobns.  and  a  few  local  remnants  of 
Hill  n  \\*  !,  Il'  irj;:  all  that  remain  of  these  (dd  rucks,  which  lie  thin^  may  have  been 
llii:  «»/i:'ir.:iJ  :«  it  'if  thf  diiimiuids.  Dr.  "NV.  G.  Atlierstone  says  (Grol.  Mac,  No. 
/iW,  \,  l\\'.,  ••  Krorn  thi-  great  distance  of  the  tinding-places' apart,  and  their  pro- 
liifi'l'j.tY  fo  t|j#-  Ki.'vcral  river-beds,  which  all  pn)ciHd  from  the  Quathlamba  or 
\hi».ifti\tM\'  tind'^tone  ranges,  I  have  little  doubt  that,  on  careful  exploration, 
Ihf:  »'  iJ  ."nirf  I;  ',\  thfe  diamond  deposits  will  be  found  far  to  the  e;istwnrd.'' 

*  '1  i.(  i.ii'Jin;?  of  diamonds  at  Uloemhof,  near  Potp<-herfstroom,  if  well  substantiated, 
I*  *A  yf-t*.  iJfif/''rtan»<:  in  our  inquiry;  lor  it  shows  that  the  presence  of  the  Karoo 
If.tU  it  iPi*  If  r'--.'iry  for  their  occurrence ;  since  the  Karoo  fonuntion  does  not  reach 
►*<  f.*r,  ;t".',r'i.u/  to  Mr,  IJigson's  observations  \[*' Xatal  Herald,"  Augusts,  1867). 
in  \tsit  *:%Vi  t.h-y  must  have  come  from  the  raetamon»hic  or  the  granitic  rocks  of  the 


tupuiiifed  with  a  kind  of  jade,  as  in  Siberia. 
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talooBe,  and  homblendio  schiBts,  associated  with  it  (See  the  memoir 
Vj  MM.  HeuBser,  Clarez,  and  O.  Eose,  ''  Annalos  des  Mines,"  vol. 
xhdL,  1860;  translated  in  the  Geologist,  vol.  iv.,  p.  168,  etc., 
1861.)  This  granular  quartzose  schist,  and  the  other  schists  with 
which  it  alternates,^  are  extensively  decomposed  and  readily  washed 
uray  in  BrazU.  They  yield,  besides  the  diamond,  the  minerals  of 
metamorphio  rocks  and  their  vein-stones,  such  as : — Quartz  and 
Amethyst ;  Sulphur ;  Eudase  ;  Eyanite  and  transparent  Andalusite ; 
Felspar ;  Topaz ;  Chrysolite  ;  Chrysoberyl ;  Tourmaline,  black, 
gieen,  and  transparent ;  Amphibole ;  Hornblende ;  Garnet ;  Calcite 
iitd  Arragonite ;  Specular  Iron -ore  and  Haematites ;  Magnetic  and 
Axsenical  Pyrites ;  Copper-pyrites ;  Rutile,  Anatase,  and  Brookite ; 
Oies  of  Tellurium ;  Ch:^  of  Manganese ;  Chromate  of  Lead ;  Grold 
ind  Platinum. 

In  South  Africa  the  abundance  of  agate  in  the  gravel,  leads  us,  as 
above  said,  to  see  if  the  Karoo  beds  might  be  the  original  matrix  of 
the  diamond  there.  The  late  Dr.  R.  N.  Hubidge  long  since  suggested* 
Aat  the  influence  of  the  many  veins  of  volcanic  rock,  traversing  the 
plaiit-bedB  and  coal  of  this  formation,  may  have  been  a  cause  of  the 
ndaction  of  the  hydro-carbons  to  pure  carbon  ;  and,  thougli  he  could 
advance  no  arguments  in  support,  ho  could  point  to  the  change  of 
ooal  in  the  Stormberg  into  anthracite  by  that  agency,  and  to  the 
existence  of  South- African  graphite,  possibly  due  to  a  further  change 
of  the  carbon  in  these  rocks.^ 

Drs.  Muskett  and  Atherstone,  and  perhaps  Dr.  Shaw  and  Mr. 
Higson,  seem  to  think,  with  Dr.  Rubidgo,  that  the  Karoo  beds, 
or  their  dykes,  are  to  be  credited  with  the  diamonds.  But  this 
origin  for  the  gem  is  left  unsupported,  except  by  Rubidge's  sup- 
position that,  given  coal  altered  to  graphite  by  heat,  we  may  also  have 
ooal  altered  into  diamond ;  and  by  the  associated  abundance  of  the 
Karoo  agates  and  the  prevsdence  of  the  debris  of  Karoo  strata  in  the 
Vaal  Valley  (Griesbach). 

After  all,  as  above  intimated,  the  diamonds  may  either  have  been 
native  to  the  rocks  out  of  which  the  Karoo  deposits  were  largely 
formed;  or,  more  probably,  they  may  have  boon  derived  from  the 
old  rocks  of  the  north-east,  and  from  local  outcrops  of  such  ix)cks 
in  the  Orange  River  Free  State  itsolf.  In  this  case  agate  and 
camelian  are  not  the  chief  signs  to  bo  looked  for  in  diamond- 
yielding  gravel,  but  an  assortment  of  the  minerals  known  to  abound 
in  jnetamorphic  rocks. 

I  Limestone  also  occurs  with  these  schists,  which  are  thou|^ht  hy  Agassiz  and 
Hartt  to  be  probably  Silurian  rocks,  highly  altered.  Sec  also  the  Kct.  G.  J. 
Nioolay's  pajper  in  the  British  Associiition  Report,  1868  (Trans.  Sect.  p.  74),  for 
an  accoimt  of  one  of  the  Brazilian  diamond-fields. 

*  Qoarterly  Joum.  Geol.  Soc,  vol.  xi.,  p.  7  ;  1855. 

'  In  the  ** Academy"  for  December,  1870,  is  an  imperfect  report  of  a  discussion 
it  the  Geological  Society  of  London,  wherein  it  is  intimated  that  Prof.  Morris  ex- 
PTCMfld  an  opinion  that,  as  the  Bamboo  produces  tabtinhcer^  so  the  Conifers  of  the 
Karoo  formation  may  have  produced  a  resin  that  has  since  been  converted  into  pure 
carbon.  AVe  must  wait  for  the  elucidation  of  th\a  h^'pothesis.  Sec  aUo  Piof,  Moina'a 
^Lecture  on  Diamonds,"  etc,,  Mimn^  Journal^  Deo,  17,  1B70,  p.  1063. 


60        Brady  and  Crosskey — Notes  on  Fossil  Ostraeoda, 

ArpKNDrx. — As  hearing  on  the  foregoing,  I  add  the  followiiig 
translfitioii  of  M.  Chancourtois's  remarks  on  the  probable  origin  of 
di.'inionilN.  from  **  Silliman*8  American  Journal  of  Scienoe  and  Axti/* 
2nd  Kor.,  vol.  xliL,  p.  271  : — 

"  K.  I{.  di.'  riinncourtois  hna  proflcmtod  the  view  that  the  diamond  has  been  foraud 
from  Iiydrnc'irlnin'ttc^l  emdiiations,  as  sulphur  is  formed  from  hjdrosnlphnntted 
emttn.'itinns,  ami  that  iU  orijjin  is  thus  couneetcMl  with  the  prerious  existence  of  petio- 
I('Uiii-)m  .'iriiiir  or  bituminous  schists.  In  the  oxydation  oi  Rulphuretted  hydrogen  in 
mWuVirua,  nil  tht.;  hy(ln){;eii  is  oxydized,  hut  only  a  part  of  the  sulphur  passes  to  the 
stilt*;  nt'  siiliihurons  acid  in  this  humid  process  of  combustion.  So,  in  an  analogou 
maimer,  tin*  diamond  was  pr<d)ably  formed :  that  is,  in  the  course  of  the  humid  com- 
bu-tioii  of  a  rarburctted  hydroj»t?n,  in  which  all  the  hv»lroffen  was  oxydized,  but  only 
a  part  of  tht;  carbon  was  transformed  into  carbonic  acid.  This  view  accords  with  the 
orcurn  nc<.'  of  thi;  dinnnmd  in  aronuceuus  rocks,  or  itacolumites,  which  are  mostly 
nictainorphic  rocks  of  pahpozoic  a^%  and  which  may  have  once  been  bituminonm 
cither  by  oriirinal  formation  or  by  emanations  from  lower  rocks. 

**  M.  Cliarirourtois  suppost-s  that  the  crystal  would  have  formed  only  where  thwa 
wero  li>.sunM  for  the  passaijo  of  the  vapours  of  the  carburetted  hvdrogen,  and  where 
the  procrss  <rould  p^oon  with  rxtn'mc  slowness."     Z>*  Mtmde*^  July  19,  1866,  p.  438. 

The  lOflitor  of  the  Amtrictm  Journal  adds  : — "  The  author  does'not  appear  to  con- 
n<!ct  tin-  pmcjMK  of  formation  with  that  of  the  roetaniorphism  to  which  the  diamond- 
iHrarinir  mcks  have  undoubtedly  been  subjected,  and  which  may  have  been  essential  to 
the  n-Milt." 

Tin-  (Carboniferous  strata  of  the  United  Statra,  which  in  Pennsylvania  yield 
antlir.'iritc  in^^t(•;ld  of  coal,  have  in  Mnssiiehussetts  been  so  much  further  metamor- 
pbnncd  tliat  tlicy  consist  of  ;i:ueiss,  quartzite,  bands  of  pluniba^nous  anthracite, 
pyritifrroiH  clay-slate,  mica-schist  with  parnets  and  veins  of  asbestos,  and  graphitic 
srhist-s  (llitrbcock  and  Lvfll).  At  places  where  further  metamoqihism  may  have 
affected  such  ^ranitifcrous  and  f^mphitic  schists,  diamonds  may  of  course  be  looked 
for,  in  association  with  garnets,  etc.,  in  the  local  drift. 


II. — XoTES  ON  Fossil  Ostkacoda   from  tub  Post-Tkrtiaby 
Deposits  of  Canada  and  Nkw  England. 

By  Gkouoe  Stewakdson  Buai»\,  C.M.Z.S.,  and  11.  W.  Cbosbkbt,  F.6.8. 

PLATE  II. 

WE  ar(i  indebtetl  for  the  material  from  which  the  following  nntes 
havo  been  compiled  to  Principal  Dawson,  of  Montreal,  and  to 
the  Socret'iry  of  the  Portland  Society  of  Natunil  History,  to  whom 
our  hest  thanks  are  due  for  the  opportunity  thus  afforded  ns  of 
comj)aring  the  fossils  of  the  North  American  Clay  Beds  with  those 
of  our  own  country.  ]^y  carefully  washing  the  clays  kindly  for- 
warded to  us,  we  have  obtained  many  specimens  in  excellent  con- 
dition for  examination. 

Of  the  thirty-three  species  here  noticed,  twenty-Uiree  are  well 
known  to  us  as  occumng  in  the  Scottisli  Glacial  Clays,  twenty -five 
are  livin«^  inhabitants  of  the  British  Seas,  while  six  (Cythere  cuspidata^ 
G  MacChe»netji,  C,  Lofjant,  Ci/therura  granuloma,  C.  cristata,  CytherO' 
pteroa  romplanatum)  are  new  to  science,  being  here  for  the  first  time 
doscrilxjd. 

We  know  too  little  of  the  recent  American  Ostracoda  to  institute 

^^y  very  precise   com|iarison  between  them  and  the  fossil  fauna 

^presented  by  the  following  list  of  species  ;  but  when  compared  with 

titish  collections,  we  find  the  contents  of  the  Canadian  fossiliferouB 


f 
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ebjB  to  resemble  very  closely  those  of  some  similar  formations  in  Soot- 
laod,  and  less  closely  those  of  dredgings  obtained  in  the  seas  around 
tlie  Hebrides  and  Shetland. 

The  character  of  the  MoUusca  with  which  the  Ostracoda  are 
associated  justifies  the  same  observation.     About  two-thirds  of  the 
MoUosca  collected  from  the  Scotch  glacial  clays  are  also  found  in 
the  corresponding  beds  of  Canada ;  and  the  difference  between  the 
glacial  fossil  fauna  of  Canada  and  that  now  existing  in  the  Gulf  of 
St  Lawrence  is  far  less  marked  than  the  difference   between  the 
glacial  fauna  of  the  Clyde  beds  and  that  now  existing  in  the  Firth. 
The  fossil  iauna  of  Canada  is  slightly  more  arctic  than  that  of  the 
Gulf,  but  does  not  contrast  with  it  so  broadly  as  the  fauna  of  the 
Sootch  glacial  clays  with  the  Mollusca  still  living  in  the  neighbour- 
ing waters.     The  resemblance  between  the  fossil  glacial  Ostracoda 
of  America  and  the  Ostracoda  of  Scotch  glacial  clays,  being  closer 
than  the  resemblance  between  the  glacial  and  the  living  Ostracoda 
of  Scotland,  renders  the  determination  of  their  relationship  to  living 
American  Ostracoda  of  considerable  geological  importance.     It  may 
be  useful  to  geologists  to  enumerate   the  Ostracoda  found  in  the 
mious  clays  we  have  examined,  and  indicate  at  the  same  time  the 
general  character  of  the  groups  of  Mollusca  with  which  they  are 
aBH>CLated. 

Portland. — Out  of  31  species  of  Mollusca  catalogued,  18  occur 
£)68il  in  Scotch  glacial  clays,  including  such  characteristic  forms  as 
Tecten  Groerdandicus;  Pecten  Islandicus  ;  LedapygmcBa;  Tellina  ccd- 
earea  {proxima) ;  Natica  affinis  (clausa)  ;  Du^^tnum  Grroetdandicum, 
The  associated  Ostracoda  are  : 


Cyikere  miorginata  (Sars). 

eondtitta  f  J  ones). 

Dawaoni  (Brady). 

iimieola  (Norman). 

duHflmensu  (Norman). 
Ojftkeridea  papiUoM  (Bosquet). 

„     Sorhffona  (Jones). 
Inoecncha  granuUUa  (Sars). 
Xntoithrrit  depressa  (Sars). 
Cj/therura  nigre^cenM  (Baird). 


Cytherura  Saraii  (Brady). 

eriitata^  noT.  sp. 

striata  (San). 

ffratiulosft,  nov.  sp. 

undnta^  Tur. 
Cytheropteron  iatissimum  (Norman). 

„      nodosum  (Brady). 
Scleroehilns  eontorius  (Norman). 
Faradoxostoma  var labile  (Baird). 


» 
ri 


8aco  (Maine), — On  the  banks  of  the  Saco  river,  about  ten  miles 
from  its  mouth,  15  species  of  Mollusca  are  catalogued,  of  which  only 
five  occur  in  the  Scotch  clays,  viz. :  Leda  pygmcea ;  Leda  arctica ; 
^ucula  infiata  ;  Mene$tho  albula ;  Natica  affinis — M.  alhula,  however, 
being  rather  doubtful  and  very  young.  The  great  abundance  of 
htda  arctica  constitutes  a  remarkable  analogy  between  this  bed  and 
the  clay  at  Errol  near  Dundee,  and  at  Moss  in  Christ ianiafjord. 
The  associated  Ostracoda  are  : 

Cythers  Uutd^rma  i^annxBi),  |        Cytheridea  papillosa  {^osfmei), 

r,     lutea  (MUiler).  „      cornea  (Bmdy  and  Robertson). 

MacChtsneyi^  noY.  sp.  „      Sorbyana  (Jones). 

emaryinuta  (Sars).  „       WiUiamsoniana  f  (Bosquet). 

Itmieola  (Norman).  Cytheropteron  latissimum  (Norman;. 
euspidata,  nov.  sp.  „      cotnplanatumf  nor.  sp. 

dmelmiHsii  (Norman). 
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Lewiston,  110  feet  above  the  sea.  Only  two  tpecies  of  MoUi 
can  we  find  yet  determined  from  near  this  place,  viz. :  Mya  a 
aria  and  Leda  truncata,  both  also  Scotch  fossilfl.  The  assod 
Ostracoda  are : 

Cy  there  emarginata  (San). 
Cither  idea  SorhjfAna  (Jones). 
(^theropteron  if^fiatum  (B.,  C,  and  E^  MS.). 
Seleroehilus  contortue  (Norman). 

Montreal, — Upon  examining  catalogues  given  by  Dr.  Dawso 
the  Canadian  Naturalist,  it  appears  that  out  of  20  species  of  La% 
hrancliiata,  15  occur  fossil  in  Scotland,  and  17  out  of  27  speci 
Gasteropoda.  The  beds  contain  nearly  all  the  most  charaotei 
Scotch  glacial  fossils.     The  associated  Ostracoda  are : 

Cythere  MaeCheeneyi,  nor.  ip.  Cyikeridea  Sorbytma  (Jones). 

,,      Davseni  (Brady).  ;  Cytherura  RoherteotU  (Brady). 

„      globulifcra  (Braay).  I  Cytheropteron  eomplanatumj  noT. 

,,      Zo^Ani,  noT.  sp.  I  „      tM^/tfm  (B.,  C,  and  R., 

Cytheridea  papilloia  (Boacm&t)^  i  „      «Myt/to/Mm(B.,C.,widR. 

,t     punetiUala  (Brady).  Bucythere  urytte. 

There  is  no  doubt  both  that  many  more  species  of  Ostracoda 
be  discovered  upon  examination  of  larger  quantities  of  material 
we  have  yet  obtained,  and  that  the  number  of  Mollusca  wi 
increased  by  every  fresh  exposure  of  the  clays ;  but  these  lists 
been  given,  merely  tentatively  to  indicate  general  relations 
which,  when  further  developed,  may  prove  of  geological  vali 
classifying  tlie  various  deposits  of  the  Glacial  epoch. 

One  of  the  wiiters  of  this  paper  (Mr.  Brady)  has  describe 
species  of  recent  Ostracoda  from  the  (julf  of  St.  Lawrence,  dre 
in  dejkths  varying  from  10  to  50  fathoms,  but  in  one  case 
fathoms  (Annals  and  Mag.  Nat.  Hist.,  Dec,  1870).  Of  thes 
species,  13  are  found  in  our  list  of  fossils  from  the  American  gl 
clays,  viz. : 

CytheHdea  papiUoea, 

„     puncHUata, 
Eucythere  argue, 
Xcatoleberie  dcpreeea. 
Cytherura  tmdata 
Cytheropteron  nodoeum. 

Although,  as  Mr.  Brady  remarks,  it  is  unwise  to  generalize  ha 
yet  we  cannot  help  noticing  that  the  general  facies  of  the  r 
Ostracoda  from  the  Gulf  of  St.  Lawrence  much  more  nearly 
preaches  to  that  of  the  Shetland  seas  or  of  the  Scottish  glacial  c 
than  it  does  to  that  of  England,  while  it  has  scarcely  anythin 
common  with  that  of  the  Mediterranean, — a  fact  which  has  an 
portant  connexion  with  the  suggestions  we  have  made  in  this  p 

LIST  OF   SPECIES. 
X       Cythere  leioderma  (Nonnan),  Saco,  Maine. 
X  „       lufea  (Miiller),  Saco,  Maine. 

„      MaeChetneyi,  nov.  sp.,  Saco  ;  SaxicaTa  Sand,  Montreal ;  Dr. 
X  ,,      emarginata  (Sara),  Portland*  Lewiston,  Saco. 

X  „       concinna  (Jones),  Portland.     Hare. 

„      Dawsoni  (Brady),  Montreal,  Portland.    Rare. 


Cythere  leioderma, 
„      lutea, 
„      emarginata. 
„      eoncinna. 
,,      dutielmensit, 
„      Daunoni. 


Brady  and  Crosskey — Notes  on  Ibssil  Ostraeoda.        63 

Cifthtn  limiooki  (Norman),  Portland,  Saoo. 

„      globuUflnra  (Brady),  Saxicava  Sand,  Montreal. 

„      Xo^oMi^  noT.sp.,  Montreal;  Dr.  D. 

„      CHtpidaiOj  noT.  sp.,  Saco,  Maine.    Bare. 

„      dtmeimentis  (Norman),  Saco,  Portland. 
Cjfthiridem  p«^piUcM  (Bosqnet),  Portland ;   Saco  ;   Saxioaya  Sand,   Mon- 
treal; Dr.  D. 

„      jmHetiOata  (Brady),  Saxicaya  Sand,  Montreal. 

„      eomem  (Braoy  and  Robertson),  Saco.     Rare. 

„      &Qrhjfna  (Jones),   Saco ;    Portland ;    Saxicaya  Sand,  Montreal. 

Abundant. 

„       WtUiamtoniana  f  (Bosquet),  Saco.    Rare. 
Bucy there  argm  (Sars),  Dr.  D.     Rare. 
Loxoeomeha  granulata  |Sars),  Portland. 
Xe9tokber%M  depmea  fSan),  Portland.    Rare. 
Ctftherurm  ni^rt§eem  (Baird),  Portland.     Rare. 

„      SarMti  (Brady),  Portland.    Rare. 

„      ffritiaia,  noy.  sp.,  Portland. 

„      itriata  (Sara),  Portland.     Rare. 

„      frantUota,  noy.  sp.,  Portland.    Rare. 

,,      umdaiOy  yar.,  Portland. 

„      Boberitoni  (Brady),  Saxicaya  Sand,  Montreal;  Dr.  D. 
C^fthirepUnm  kUurimum  (Norman),  Portland,  Saco. 

„      eomplanatumj  noy.  sp.,  Montreal,  Saco. 

„      injlalum  (B.,  C,  and  R.,  MS.),  Montreal,  Lewiston.    Rare. 

,,      ttipulatum  (B.,  0.,  and  R.,  MS.),  Montreal.    Rare. 

„      nodotum  (Brady),  Portland.    Rare. 
Seierochilua  eontortut  (Norman),  Portland,  Lewiston. 
Faradojottoma  variabile  (Bairdf),  Portland. 

X    Species  marked  thus  occur  living  in  the  British  seas. 

.     Species  marked  thus  occur  in  British  Post-Tertiary  Clap. 

Cyihere  MacChesneyif  nov.  sp.,  Plate  11.,  Figs.  1,  2. — Carapace  as 
•een  from  the  side  compressod,  subreniform,  higher  in  front  than 
behind,  greatest  height  situated  much  in  front  of  the  middle,  and 
equal  to  about  half  the  length;  anterior  extremity  boldly  and  evenly 
rounded,  posterior  much  narrower  and  obliquely  rounded;  superior 
margins  straight,  sloping  from  l)efore  backwards  and  obtusely  angular 
at  each  extremity ;  inferior  deeply  sinuated  in  the  middle ;  seen 
from  above,  ovate,  widest  in  the  middle,  width  rather  less  than  the 
height,  sides  subparallel,  subacuminate  in  front,  rounded  behind. 
Shell  rather  thin  and  fragile ;  surface  of  the  valves  closely  set  with 
small  pitted  impressions  which  liave  a  sub-concentric  arrangement, 
and  on  the  ventral  surface  coalesce  into  longitudinal  furrows. 
Length,  1-oOth  of  an  inch. 

This  is  unlike  every  other  published  species  with  which  we  are 
acquainted,  and  has  something  of  the  general  aspect  of  a  Loxoconcha, 
from  which  it  is,  however,  quite  distinct.  Wo  have  pleasure  in 
inscribing  it  to  our  esteemed  friend  Professor  MacChesney,  of  the 
University  of  Chicago.  Several  specimens  of  this  species  occurred 
in  gatherings  from  Montreal  and  Saco. 

Cythere  Logani,  nov.  sp.,  Plato  IT.,  Figs  8,  9. — Carapace  tumid ; 
seen  from  the  side  subquadrato,  greatest  height  situated  in  front,  and 
equal  to  rather  more  than  half  the  length  ;  anterior  extremity  well 
rounded,  posterior  obliquely  subtruncate,  emarginate  in  tlie  middle, 
superior  margin  straight  sloping   backwards,   angulated   in   front, 
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rounded  off  l)ehind,  inferior  nearly  straight ;  seen  from  above  nib- 
hcx.'in^oiial  with  siil)parallcl  sides;  ant,erior  extremity  obtusely  pointed. 
posterior  hroadly  and  obtusely  mucronate,  width  equalling  the  height 
Shell  iMlnmt,  surface  of  the  valves  iuarke<l  near  the  middle  by  a  large 
rouinled   tiihorcle,  and   a   little   within  the  inferior  and  posterior 
borders  by  a  sliarply  cut  precij>itou8  ridge  (nearly  straight  below, 
but  forminjjj  a  sigmoid  curve  behind),  which  marks  off  the  sculptured 
portion   of  tlio    shell ;    surface-sculpture   consisting   of  irregularly 
angiilatod   pits,   which   are  comparatively  small  and   well   defined 
beliiiid  tlio  (central  tubercle,  but  larger  and  vaguely  impressed  in 
front.     Lt'n^li.  1 -40th  of  mi  inch. 

A  fine  ami  well-marked  species,  which  we  dedicate  to  Sir  William 
Logan,  the  excollont  Director-General  of  the  Geological  Survey 
of  Canada.  Cythere  macroporay  Bosquet,  seems  to  approach  this 
species  somewliat  closely,  but  is  altogether  less  tumid,  especially 
behind  the  middle,  and  is  distinctly  dentate  at  the  postero-inferior 
angle.  Wo  noticed  several  exanii>les  of  C  Logam  in  voiious  stages 
of  growth  among  the  Montreal  specimens. 

Cijthvrr  Dairnont,  linidy,  Plate  II.,  Figs  o,  6,  7. — We  here  give 
figures  of  ji  specimen  which  ap])ear8  to  belong  to  the  male  of  C, 
Dmrsoni.  The  original  figures  in  the  **  Annals  and  Magazine  of 
Natund  History,"  for  Decemlier.  1870,  were  ini2)erfect,  owing  to  the 
accidental  loss  of  the  shell,  which  ap2)ears  to  have  been  that  of  a 
female. 

Ci/tlicre  ritsj)iilata,  nov.  sp.,  Plate  IL,  Figs.  10,  11. — ^Valves 
seen  from  the  side  oblong,  subquadmngular,  greatest  height  in  front 
and  eijualling  nearly  two- thirds  of  the  length;  anterior  extremity 
well  roniide<l  and  finely  toothed  throughout;  posterior  obliquely 
subtruneate;  superior  margin  sloping  backwards,  nearly  straight; 
inferi()r.  almost  straight,  curving  upwards  behind;  seen  from  al>ove 
the  outline  is  com])ressed,  excessively  broken  and  irregularly 
spinous.  Surface  of  the  valves  very  irregularly  pitted  and  spinous, 
beset,  especially  towards  the  dorsjd  margin,  with  triangular  spines 
of  variable  size,  and  within  the  anterior  margin  bearing  a  regular 
row  of  alM)ut  fourteen  small  rounded  tubercles;  hinge-tubercle  large 
and  prominent.     L«^ngth,  l-28th  of  an  inch. 

One  valve  only  of  this  fine  and  very  distinct  species  has  occurred 
to  us. 

Cythn-nni  ini(hifa,  var.  This  variety,  figured  in  the  "  Annals  and 
Magazine  of  Natund  llistorj,"  loc,  cit.,  from  a  single  recent  specimen, 
occurs  more  abundantly  and  in  precisely  the  same  condition,  in  the 
Post-Tcrtiarv  Clav  of  Porthmd. 

Cfitltrrurd  (fr(nnih)sa,  nov.  s]).,  Plato  IL,  Figs.  14-,  15 — Cara- 
pace elongated,  comjiressed ;  seen  from  the  side  sulxpiadrangular,  of 
almost  ecpial  height  throughout :  height  equjd  to  fully  one-half  of 
the  length;  anterior  extremity  well  rounded;  i)Osterior  produccni  in 
the  middle  into  a  very  broad  obtusely  trunciite  beak;  superior 
margin  senreely  at  all  arehed,  inferior  almost  straight;  seen  from 
above  cuneiform,  widest  near  the  posterior  extremity,  thence  tai)ering 
gently  to  the  front,  which  is  obtusely  pointed,  posterior  extremity 
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tipering  very  abruptly  to  tlie  central  beak ;  greatest  width  mucb  less 
than  half  the  length.  Surface  of  the  shell  smooth,  minutely  and 
closely  punctate,  and  marked  on  the  posterior  half  with  a  few  faint 
'longitudinal  striae.     Length,  l-60th  of  an  inch. 

C}ii\trwra  eristata,  nov.  sp.,  Plate  II..  Figs.  12,  13. — Shell  seen 
laterally  approaching  closely  C,  similts  in  shape;  greatest  height 
ntoated  in  the  middle,  and  exceeding  half  the  length ;  anterior 
extremity  rather  obliquely  rounded,  posterior  produced  in  the  middle 
into  a  broad  obtusely  rounded  beak ;  superior  margin  boldly  arched, 
Bomewhat  flattened  in  the  middle ;  inferior  slightly  sinuated  in  the 
middle  ;  seen  from  above,  elongated,  hexagonal,  with  nearly  parallel 
sides,  and  equaUy  tapering  mucronate  extremities ;  width  barely  equal 
to  half  the  length.  Shell-surface  perfectly  smooth,  except  on  the 
lentral  surface,  which  is  somewhat  waved  and  rugged,  bearing 
within  the  inferior  border  a  slightly  elevated  crescentiform  ridge, 
which  is  extended  partly  round  the  posterior  margin.  Length, 
l-5oth  of  an  inch. 

Cytherapt^ron  complanatnm,  nov.  sp.,  Plate  II.,  Figs.  3,  4. — 
Shell  seen  laterally  sub-semicircular,  highest  in  the  middle,  height 
equal  to  nearly  two-thirds  of  the  length ;  anterior  extremity  rounded ; 
posterior  produced  into  a  subacute  central  beak ;  superior  margin 
Tery  boldly  arched ;  inferior,  slightly  convex,  sinuated  in  front  of 
the  middle ;  seen  from  above  ovate,  acuminate  in  front,  mucronate 
hehind ;  twice  as  long  as  broad ;  greatest  width  situated  near  the 
middle.  Surface  of  the  valves  covered  with  closely  set,  moderately 
large  circular  pits,  and  having  an  imperfectly  defined  transverse 
sulcus  near  the  middle  of  the  ventral  margin ;  lateral  alas  obsolete. 
Length,  l-50th  of  an  inch. 

This  is  one  of  the  more  abundant  species  in  the  Montreal  beds. 

EXPLANATION  OF  PLATE  II. 

Fio.    1.     O^fthere  MaeOhesneyi,       Been  from  left  side     .     . 

2.  „  „  „  above  .     .     . 

3.  O^thercpteron  eomplanatum^   „  left  side     . 
Am              „                     y,                ,1          iibove  .      •      • 
6.     Cythere  Dawatntij                     „  left  side     . 

6.  „  „  aboTc  .     •     • 

7.  f»  )»         below . 

8.  Cyther§  Loganij  „         left  side     . 

9.  „  „         above  . 

1 0.  Cythere  eiupidata,  right  yalve 

11.  „  „  seen  from  above  .     • 

12.  Cytherura  eriniata,  „  leftside     . 
lum            f,             ,«                         ,,          aoo\e  ... 

1 4.  Cythtrura  grauuhaOf  „  left  side     . 

15.  „  „  „         above  . 


>    X    60 


X    40 
X    84 


in. — Ok  Pheno»ibna  connected  with  Denudation,  observed  in 
THE  so-called  Copbolite  Pits  near  IIaslinofield,  Cam- 
bridgeshire. 

By  the  Rev.  0.  Fls^EI^  M.A.,  F.G.S. 

THE  upper  portion  of  the  sections  in  those  pits  usually  exhibits 
from  a  foot  to  a  foot  and  a  half  of  soil,  which  I  call,  aflcr  Mi. 
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Trimmer,  "Warp."  *   In  this  district  it  is  unasnally  full  of  land-sheQs 
of  recent  species.    Nevertheless,  the  assemblage  is  not  exactly  what 
one  mcetfl  with  Hying  on  the  spot.     The  most  common  Helix  of  the 
waip  is  H.  arbustornm.    This  species  occurs  alive  in  the  neighbour-  * 
hood,  but  it  can  scarcely  be  called  common.     Selix  nemorali$  is 
common    in  the   warp  and  also  alive.      Helix  (isperaa  is  by  no 
means  common  in  the  warp,  but  it  is  common  alive.     OyelosUma 
ehfjans  is  very  common  in  the  warp,  but  I  have  not  seen  it  alive  in 
this  neighbourhood.      It  is  exceedingly  likely  that  drainage  and 
cultivation  may  have  been  sufficient  to  have  wrought  those  changes. 
At  the  l)ase  of  the  warp  I  have  found  an  oyster-shell,  which  looks 
as  if  it  had  been  broken  at  the  edge  to  get  it  open. 

Below  the  warj)  we  have  what  the  workmen  term  "  mixed  day. 
Tliis  is  sometimes  little  else  than  disturbed  cluncli  or  "  white  clay. 
But  in  other  places  it  contains  patches  of  clayey  gravel  and  sand. 
Sometimes  the  gravel  contains  so  many  phosphatic  nodules,  that  it 
is  extracted  and  picked  over  for  them.  Among  its  contents  are 
pebbles  of  hard  rocks,  generally  well  rounded.  Sometimes  these 
attain  a  considerable  size — a  foot  or  more  in  diameter.  This  deposit 
is  often  closely  compacted,  and  the  workmen  will  describe  it  as 
"  proper  hard  old  stuff."     It  is  what  I  have  elsewhere  called  "  traiL" 

Here,  as  elsewhere  where  I  have  examined  it,  this  "trail"  con- 
tains no  organic  fossils  of  its  own.  Although  in  this  neighbourhood 
shells  are  abundant  in  the  warp,  yet  they  nowhere,  that  I  have  seen, 
descend  into  the  trail.  It  has  the  character  of  being  a  mixture  of 
the  dej^osits  of  the  immediate  neighbourhood,  but  it  is  not  strati- 
fied. The  matrix  of  white  clay,  forming  its  bulk,  is  derived  from 
the  lower  chalk  or  clunch.  llie  flints  are  similar  to  those  of  the 
gravels  of  tho  neighbourhood,  and  probably  are  derived  from  the 
Boulder-clay.  The  pebbles  and  larger  stones  are  clearly  from  the 
same  source ;  and  the  phosphatic  nodules  must  have  come  from 
the  outcrop  of  the  Groensand.  The  question  then  is.  What  agent 
has  brought  these  materials  together  as  we  see  them  ? 

The  agencies  of  rivers  and  of  rain  have  a  prescribed  right  to  be 
first  considered. 

But  wlien  we  compare  the  deposit  in  question  with  an  admitted  river- 
gravel,  like  the  neighbouring  one  of  Barnwell, the  difference  of  character 
is  at  once  apparent.  Moreover,  we  meet  with  the  trail  in  places  where 
rivers  have  never  run,  as  in  the  bottoms  of  dry  valleys ;  for  instance, 
in  a  coprolite  pit  now  in  work  below  the  limekiln  at  Eversden.  It 
is  conceivable  that  a  river,  now  nmning  at  the  bottom  of  a  valley, 
may  formerly  have  meandered  over  every  portion  of  that  vallej 
included  within  its  main  features,  and,  while  at  work  for  ages  in 
excavating  the  valley,  may  have  left  traces  of  its  former  wanderings. 
But  it  is  not  conceivable  that  it  can  have  deimrted  from  the  mail 
valley,  so  as  to  have  excavated  the  tributary  valleys  which  descenc 
into  it  from  among  the  hills.  Consecpiently,  when  we  find  no  tracef 
of  streams  in  these  tributary  valleys,  we  must  attribute  their  forma- 

^kk  ^  S(>o  the  nuthor's  psiper  on  the  *<  Warp"  of  Mr.  Trimmer.    Joom,  Geol.  Soe. 
^^^1.  iiii.,  p.  5t>3. 
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tioa  and  the  Bnperfidal  deposits  in  them  to  some  other  cause  than 
the  river. 

There  is,  therefore,  much  more  reason  to  consider  the  trail  as  due 
to  min-wash.  If  any  bare  surface  of  ground  is  subjected  for  some 
length  of  time  to  the  action  of  rain,  it  soon  begins  to  exhibit  in  minia- 
tare  a  contour  not  unlike  that  of  the  ordinary  landscape.  Tliis 
aeems  to  prove  that  rain  is  capable  of  moulding  the  surface  to  such 
iDclinations  as  usually  occur.  Moreover,  the  mixtures  of  clay,  sand, 
tDd  gravel,  v^hich  are  accimiulated  in  some  spots  by  toiTents  of  rain- 
water, even  when  the  torrents  are  quite  small,  exhibit  a  structure 
not  unlike  that  of  trail. 

But  I  have  already,  in  former  papers  on  this  subject,  brought 
together  ailments  for  doubting  whether  rain  can  have  produced  all 
the  observed  effects,  and  I  do  not  wish  on  the  present  occasion  to 
reiterate  them.  Nevertheless,  I  am  free  to  acknowledge  that  I  have 
frequently  been  greatly  staggered  in  my  conclusions,  and  have  been 
led  to  doubt  whether  after  all  rain  has  not  been  the  agent  in  pro- 
ducing the  trail  and  moulding  the  landscape  which  it  envelopes. 
But  on  consideration  I  have  always  reverted  to  the  contrary  opinion. 

I  vein  now  mention  some  of  my  observations  in  coprolite  pits 
which  have  confirmed  me  in  believing  rain  incompetent  to  explain 
lome  of  the  phenomena. 

In  the  first  place,  if  rain  be  the  agent,  why  should  the  trail  be 
separated  by  a  surface  of  demarcation  from  the  superficial  soil  or 
warp  ?  The  surface  soil  has  undoubtedly  been  formed  under  the 
action  of  rain,  and  if  the  trail  were  also  so  formed,  the  two  ought 
not  to  differ  in  character ;  or,  at  the  least,  they  ought  to  graduate 
into  each  other.  And  wherefore  should  the  demarcation  between 
the  two  be  the  limit  below  which  organic  remains  do  not  descend  ? 
These  facts  prove,  at  any  rate,  that  if  rain  was  the  agent  which  pro- 
duced the  trail,  it  must  have  done  so  under  conditions  certainly 
differing  from  those  which  exist  at  present. 

The  occurrence  of  large  stones  in  the  trail  is  also  to  my  mind  a 
difficulty.  They  are  found  hereabouts  most  abundantly  under  the 
hills  which  are  capped  with  Boulder-clay.  There  is  no  doubt 
where  they  come  from.  But  if  the  clay  has  been  washed  away  by 
rain,  ought  not  all  the  large  stones  to  be  left  behind,  and  not  a  few 
here  and  there,  say  one  or  two  cart-loads  to  the  acre  ? 

Again,  if  rain-wash  be  the  source  of  the  trail,  it  seems  that  it 
ought  to  have  been  washed  down  by  the  shortest  route  from  higher 
ground.  But  I  have  found  coprolites  in  it  where  there  is  no  outcrop 
of  the  Greensand  above,  but  where  they  must  have  come  by  a 
route  parallel  to  the  direction  of  the  hill ;  the  outcroj)  at  the  locality 
being  at  a  lower  level  than  the  j»lace  where  they  occur,  though  they 
crop  out  at  a  higher  level  further  up  the  valley. 

But  the  most  remarkable  pheiKJinenon,  and  indeed  that  which 
has  led  me  to  offer  these  remarks,  is  the  evidence  of  lateral 
thrust  which  I  have  noticed,  and  which  in  at  least  two  instancies  has 
produced  a  reduplication  of  the  eo[)rolite  bed.  In  one  case  the  ac- 
companying section  appeared  m  the  face  of  the  pit.    TVie  \oq».\\V^ 
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was  a  field  on  the  south  of  the  road  between  Haslingfield  and  Harlton, 
just  under  the  hill. 

I  can  scarcely  doubt  that  the  manner  in  which  the  trail  desoendB 
below  its  normal  depth,  at  the  place  where  the  squeezing  hai 
occurred,  is  an  index  of  the  pressure  by  which  the  effect  has  been 
produced  in  the  beds  below. 
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Fio.  1.— Scale  l-lnch  to  a  foot. 
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(a)  Warp.    (6)  Trail,    (r)  "  Whitc-clay."    (d).  Phosphatlo  nodule  bed.    («)  Gault. 

Tlie  other  instance  of  reduplication  of  the  coprolite  bed  which 
has  come  under  my  notice,  occurred  in  a  pit  about  a  furlong  distant, 
north-west,  from  the  last,  and  the  section,  when  I  first  saw  it,  was  as 

shown  l)elow. 

W.  Fio.  2.--Scale  |-inch  to  a  foot. 


E. 


'  •• '  «»' 


(a)  Warp,    (ft)  Trail,    (c)  Fal»e  Phonphatic  nodule  bed.     (rf)  "  White  Clay  '*  and  Sandy  Gravel 
TKif-Btnfl:  into  GaulU     (e)  Phosphutic  nodule  bed  in  its  normal  position.     (/)  Gault  with 


paf-stnR: 
uneven  surface. 


After  a  time  tlio  white  clay  intervening  between  the  coprolite  bed 
became  intenningled  with  Gault.  I  was  not  able  to  loam  with  cer- 
tainty fi'om  the  workmen  whether  there  was  any  definite  order  of 
8upeq)08ition  between  the  two,  some  of  them  affirming  that  the 
Gault  was  above,  .md  others  tlio  white  clay ;  but  my  belief  is,  that 
there  was  no  definite  order  of  supeiposition  between  the  two,  and  I 
Saw  j)()rtions  of  white  clay  entangled  in  the  (jiault.  after  it  prevailed. 

Tliis  doubling  of  the  bed  of  coprolites  occupied  an  area  of  alx)ut 
¥e2jtj'-ijve  yarda  in  length  by  five  yards  in  breadth  at  the  widest 
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put,  and  topering  at  eaoh  end.  The  longer  bzib  waa  nearly  at  right- 
■ngles  to  the  axis  of  the  hill,  lying  sonth  by  west  and  north  by  eosL 
The  aection  at  right-anglee  to  the  one  given  in  the  diagrain.  Fig.  2, 
and  at  a  place  near  the  centre  of  the  patch,  and  nearly  in  tlie  direo* 
titn  of  ita  length,  showed  a  remarkable  serrated  line  of  junction 
between  the  npper  bed  of  oojovlitca  and  the  intervening  day,  tlinB : 


•^^.    :>      » 


■  :> . 


\»  luL    The  lettm  nfa  to  IheiuBC  twdi  u  before. 

I  can  oonoeive  no  other  way  in  which  the  phenomenon  I  have 
deacribed  can  have  happened,  than  by  a  piece  of  the  edge  of  the 
wppolite  bed  at  its  outcrop,  along  with  some  of  the  Gault  on  which 
it  rested,  having  been  broken  off  and  pushed  along  bodily  over  the 
imdisturbed  portion,  in  the  direction  of  the  valley,  Bomowhat  in  the 
maimer  indicated  in  the  annexed  figure.  The  hill  is  the  spur 
between  the  words  "Clunch  "  and  "  Offiil "  in  the  Ordnance  Map. 

le  l-lOth  Inth  to 
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Neither  rain- wash  nor  river-actiony  even  if  a  river  were  at  hand, 
could  have  effected  this. 

It  almost  always  occurs  in  this  neighbourhood  that,  when  the 
coprolites  are  near  the  surface  (say  at  a  depth  less  than  three  feet), 
they  undulate  rapidly ,  the  depressed  parts  of  the  bed  being  thickened. 
When  they  get  so  near  the  surface  that  the  crests  of  the  undulations 
are  cut  off  by  the  trail,  and  the  depressions  alone  remain,  they  are 
said  to  be  *'  pocketty,"  and  the  pockets  seem  to  contain  almost  the 
entire  store  of  coprolites,  as  if  the  whole  of  the  stratum  had  been 
accumulated  in  the  depressions. 

The  following  section  was  taken  in  the  same  pit  as  the  two  former. 


w. 


Fio.  5.— Scale  ^-inch  to  a  yard. 
Section  showing  Pockets. 


E. 


(a)  Warp.     (6)  Trail.      (r,  r,  c,  r)  Pockets  containing  Phoepbatio  Nodolea  respectlTely  2 ft, 
2  ft.,  1^  ft.,  and  1  ft.  deep,    (d)  OaulL 

It  must  not,  however,  be  supposed  that  the  undulations  are  long 
trouglis,  though  I  think  it  may  be  asserted  that  there  is  a  gcneru 
parallelism  about  them.  They  are  rather,  as  they  are  termed, 
**  pockets,"  although  I  think  they  are  usually  longer  in  one  dimen- 
sion, and  that  in  the  same  direction  for  all.  Here  I  think  we  have 
another  consequence  of  lateral  pressure. 

I  have  one  more  instance  of  tlie  transference  of  material  in  an 
unscattered  state  to  mention.  It  occurs  near  Lords  Bridge  Station. 
A  ditch  was  dug  some  time  ago  upon  my  glebe,  and  I  observed 
beneath  tlie  gravel  covering,  and  resting  upon  the  Gault,  a  portion  of 
the  coprolite  bed,  with  a  little  of  the  white  clay  above  it  I  thought, 
upon  seeing  it,  that  I  had  discovered  a  bed  of  coprolites  which  might 
be  woikod  ;  but,  upon  examination,  it  turned  out  to  be  an  isolated 
patcli  of  a  very  few  yards  in  length,  forming  a  portion  of  the  traiL 
It  is  evident  it  must  have  travelled  in  a  mass  to  its  present  position. 

I  have  published  my  opinion  that  land-ice  may  have  been  instru- 
mental in  producing  the  condition  of  the  surface'  which  I  have 
described ;  and  I  have  given  reasons  for  supposing  that  the  climate 
of  these  latitudes  may  have  been  sufficiently  rigorous  for  that  result 
about  100,000  years  ago.'  It  appears  to  me  that  a  sheet  of  ice, 
moving  over  the  surface,  would  disturb  it  to  a  depth  depending 
partly  upon  the  pressure  and  partly  upon  the  natiu*e  of  the  material. 
Between  the  ice  and  the  solid  earth  there  would  be  a  layer  of 
material  of  a  certain  thickness  interposed,  which  had  been  entirely 
dctiiched  from  the  rock,  constituting  what  is  called  a  moraine 
profonde. 

I  conceive  the  trail  to  bo  a  remnant  of  it,  thinned  off  by  subse- 
quent atmospheric  denudation,  which  has  derived  the  warp  from  it 


*  Geological  Magazine,  Vol.  III.,  p.  483.  »  Ibid.,  Vol.  IV.,  p. 
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WhQe  the  ice  was  moving  forwards,  pushiiig  this  moraine  prO' 
fimde  beneath  it,  it  must  have  occurred  that  the  passage  of  the 
moraine  over  the  surface  was  checked  at  some  points  more  than 
others,  owing  to  its  being  more  stony  there,  or  by  other  causes 
locally  increasing  the  friction.  At  such  points,  the  portions  behind 
pressing  forward  would  cause  accumulations,  which  would  indent 
the  material  into  the  ground  beneath  more  deeply  at  those  spots, 
causing  those  depressions  which  are  so  characteristic  of  the  lower 
nirface  of  the  traU. 

The  general  effect  of  this  action  upon  the  surface  of  the  rock, 
which  had  not  as  yet  been  actually  rubbed  ofif  and  denuded,  would 
be  to  drag  forward  a  superficial  portion,  disturbing  it  and  reducing 
its  thickness;  this  effect  diminishing  downwards,  until  it  disappeared 
at  a  depth  depending  upon  local  conditions. 

Now  when,  in  this  district,  the  coprolite  bed  (about  a  foot  or  less  in 
average  thickness)  happened  to  bo  near  enough  to  the  surface  to  come 
within  the  limit  of  the  disturbed  material,  on  account  of  its  peculiar 
constitution  of  small  nodules  in  a  soft  matrix,  it  would  yield  readily 
to  the  forward  pressure,  even  more  so  than  the  Grault  beneath ;  but, 
owing  to  the  nodules,  it  would  be  liable  to  got  checked  at  some 
points  more  than  at  others,  and  wherever  that  happened,  there  accu- 
mulations would  be  formed,  which  would  be  depressed  into  the  Qault 
below,  and  form  the  pockets  which  I  have  described.  I  may  add, 
that  the  ridges  of  Gault  between  the  pockets  show  surfaces  of 
slickenslide  within  them,  and  have  small  portions  of  Greensand  and 
phosphatic  nodules  occasionally  impacted  into  them. 


IV. — Note  on  a  New  British  Cystidean. 

By  the  Editor. 

IN  the  Geological  Magazine,  Vol.  VII.,  p.  260,  PI.  VII.,  Figs. 
2-5,  we  published  a  description,  by  Prof,  de  Koninck,  of  a  new 
British  Cystidean,  which  the  author  named  Placocyatites  Forhcsianus. 
We  called  attention  in  a  footnote  (op.  cit.,  p.  2G1)  to  the  probability 
of  Pi"of.  de  Koninck's  Cystidean  being  the  same  as  Mr.  Billings's 
Ateleocystitea  Huxleyi;  but  as  we  had  not  seen  the  Canadian  specimen 
upon  which  the  genus  was  founded,  we  abstained  from  si)oaking 
very  positively  as  to  their  identity.  We,  however,  prepared  a  sketch 
of  rhicocystites,  which  we  forwarded  by  Sir  William  Logan,  who 
kindly  undertook  to  submit  it  to  Mr.  Billings,  in  order  to  obtain  his 
opinion  thereon.  Wo  have  been  favoured  with  the  subjoined  letter, 
which  has,  however,  been  accidentally  mislaid,  and  so  for  a  time 
delayed  in  publication,  for  which  we  beg  to  apologize. 

Sib, — Sir  W.  E.  Logan  gave  me  your  sketch  of  PlacocystiteSy 
and  I  have  this  morning  re-examined  all  of  our  specimens,  and 
also  compared  Prof,  de  Koninck's  figures  and  descriptions  in  the 
article  in  the  Geol.  Mao.  to  which  you  refer.  Placocyatites  and 
Ateleocyatites  are  undoubtedly  the  same,  as  suggested  by  you. 

AnomalocystUeSf  Hall,  Pal.  N.Y.,  vol.  iii.,  p.  134:,  pi.  7a  and  88,  is 
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aleo  the  same  genus.  The  number  of  plates  is  different  in  tiie 
Englisli,  Canadian,  and  New  York  species,  but  this  does  not  matt«i 
ia  Biich  a  genus  of  C^stidoans  as  this.  Since  my  Decade  wu 
pulilieiliod,  wo  faave  collected  several  additional  specimens  of  A. 
Uuxleyi,  but,  unfortunately,  none  of  them  give  any  new  information. 
Tlicy  aro  nil  imbedded  in  the  rock,  and  all  ^ow  tbe  some,  the  conoave, 
aide.  The  four  Bi>ecies — AuleoeyaliUt  Huxteyi,  Biilinge,  Lower  SiL; 
Placori/Hlilis  Forbesianiii,  Do  Koninck,  Upper  SiL;  AnomalorjitliUi 
contutiia,  Hall,  Up]>cr  Sil. ;  AnomaJoci/itiUs  ditparilit,  Hall,  Devonian 
—are  all  composted  of  a  limited  number  of  plates,  not  airanged  in 
regulur  scrien,  tlicir  bodies  convex  on  one  side  and  concave  on  the 
Otlicr.  Tbe  first  tlireu  have  the  plates  transversely  striated  in  a 
peculiar  maimer,  and  moat  probably  good  specimens  of  tlio  fourth 
would  show  the  Hnmo  surface  character.  This  atriation  is  of  the 
saiiio  kind  iu  all,  and  differs  in  aspect  from  that  of  any  other 
Gystidoun  gonuu  known.'  It  is  so  peculiar  that  it  appears  to  be 
near  a  sort  of  a  group  character,  so  to  speak,  like  the  scale- markings 
of  some  of  the  CruHtjicea,  Those  points  of  agreement  are  of  such 
an.'ilm-o  that,  atthotigh  none  of  the  species  have  been  as  yet  de- 
SGril>cd  on  giKxl  specimons,  they  seem  quite  sufGciont  to  prove  that 
they  are  congeneric.  E.  Bii^LiNas. 

'Montbfai. 

Wl  '.iibioni  figures  of  the  upper  and  under  sidos  of  this  remarkable 

Cystuli  in   fir  tlio  eliicidktion  of  which  wo  now  possess  a  very  fine 

Bi.TK-jor'.iH.cimens  munyoi  which  have  been  collected  by  C.  Ketlej, 

Esq    The  01  i^mil  of  I  ig  1  was  obtained  by  J.  Groy,  Esq.,  of  Hagley. 

Al  //  cjililii  IluiUyi,  ti\Wmgi  =  Flacoqitlittt  Forbctiauui,  D«  Kooinck. 


Fio    1   Cnnvcx  sirfp  sliowm!-  the  m-colled  "anal  plale"  (a),  and  the  ovarian  pore 

(Ji)  lliL  I  Hit  of  till  lintuclc  '.I,  t).  n»i)  the  point  ufattaehmnit  for  tlie  atem  ((). 
„   1.  Cfiii-iM  bi  li,  RliuikiiiE  tlic  tcntutles  [I,  t). 

„   i)   \ii  wof  thLbntTiTtniuit}  rifthi- bi>ily,s1iou'iD|;  the  attacbmcntnf  the  stem  (i). 
„   4    ^  iiH  of  till  ti>p  nt  the  hm]r,  ihowiiig  the  puinta  of  uttachment  for  the  armi 

or  tditiiLlo.  (/,  (). 
„   5,  I'ciitinii  of  Blt-m  ni'iir  the  boily :  dTavn  from  a  specinien  hiving  ft  portion  of 

i.\u:  tftiin  atill  n'lniinini;  nitaehoi). 
„   6.  c,  h.  r.     Tlin<c  riciTB  nt  u  hiiiiiU  tunrring  slpin,  found  dRt-ichnl,  but  having 

thi'  *fmv  phnnu'tiTii'tir  ivulpliire  vmililc  npiin  ila  joints  uburred  in  At^tt- 

ei/i'i'let.     I'rukihir  Ihp  lower  ixtromity  of  ihg  sleru. 
„   7.  One  uf  tha  nrtos,  nr  tvnlaelcs,  druwa  from  a  specimen,  hiTing  the  arm  (till 

ult.iL-heil  [r>  the  liiicly. 
(.VII  the  ubuve  iijiuciiniii^  are  in  the  British  Mu>{euin,  and  nrrc  ohtained  from  tha 
Wi-nlocfc  Limesloue,  Wren'i  Xest,  Dudley.) 
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L— Tee  Okolooy  of  the  Cabbonifeeous  Bocks  Nobth  and 
£ast  of  Leeds,  and  the  Pebmian  akd  Tbiassic  Hocks  about 
Tadcasteb.  By  W.  T.  Ayeline,  A.  H.  Gbeen,  M.A-,  J.  B. 
Daktns,  M.A.,  J.  C.  Wabd,  and  B.  Bussell.  1870.  8vo.  pi>.  14. 
(London  :  Longmans  &  Co.) 

THIS  little  work  is  an  explanation  of  quarter-sheet  93  S.W.,  of 
the  one-inch  Geological  Survey  Map  of  England,  portions  of 
which  area  have,  we  presume,  been  surveyed  by  each  of  the  authors 
therein  mentioned.  They  give  a  brief  sketch  of  the  leading  gco- 
kgical  and  physical  features  of  the  country',  reserving  all  details  for 
a  promised  memoir  on  the  Yorkshire  Coal-field. 

The  strata  represented  are  the  Millstone  Grit,  the  Lower  Coal 
Measures  or  Ganister  Beds,  the  Middle  Coal  Measures,  Magnesian 
Limestones  and  Marls  of  Permian  age,  and  the  Buntcr  Sandstone. 
Gladal  deposits  in  the  shape  of  Boulder-clay,  Gravel  and  Sand  lie 
here  and  there,  and  Biver  and  Estuary  deposits  likewise  occur  in 
places. 

The  authors  furnish  a  table  of  the  Carboniferous  rocks  shown  in  the 
Ilea,  marking  the  maximum,  minimum,  and  average  thicknesses  of 
the  different  beds,  with  the  local  names  under  which  they  arc  known. 
They  point  out  those  which  are  applied  to  economic  purposes,  in  this, 
as  well  as  in  the  other  series  of  rocks  to  which  they  refer. 


n. — On  the  Bobino  of  the  Pholadid^. 

The  following  notice  on  the  Boring  of  the  Pholadidre,  by  the  late 
Alexander  Bryson,  Esq.,  President  of  the  Boyal  Physical  Society, 
extracted  from  the  Edinburgh  Philosophical  Transactions  (1859,  p. 
321),  will  be  read  with  interest  as  bearing  upon  the  Pholas-origin  of 
certain  perforated  Limestones. 

In  this  communication  the  author  referred  to  the  various  theories 
advanced  to  account  for  the  boring  of  the  Pholadidse  in  rocks. 

The  first  hypothesis,  which  supposes  that  the  molluscs  perforate 
hy  means  of  the  rotation  of  the  valves  acting  as  augers,  he  disproved 
by  exhibiting  old  individuals  of  the  Pholas  criapata  with  the  dentatcd 
oostsB  on  the  shells  as  sharp  as  in  any  young  specimen.  That  those 
animals  bore  by  siliceous  particles  secreted  by  the  foot,  as  suggested  ])y 
Mr.  Hancock,  has  been  disproved  by  microscopic  observation ;  and  that 
currents  of  water  set  in  motion  by  vibratile  cilia  seemed  also  insuf- 
ficient to  account  for  the  phenomenon. 

Another  theory  supposes  that  an  acid  is  secreted  by  the  foot, 
capable  of  dissolving  the  rock. 

Wriyhtii  (also  from  the  Wenlock-shale  and  liiraestono,  Dudley),  figured  and  do- 
acribcd  by  H.  Woodward  in  the  Quart.  Journ.  Gool.  See,  toI.  xxi.,  pi.  xiv.,  tigs,  la 
to  li.  See  aUo  the  Geol.  Mao.,  Vol  II.,  18G5,  p.  470  (Woodcut).  Can  it  bo 
poanble  that  any  actoal  relationship  exists  between  these  two  remarkable  and  aberrant 
forms?— H.W. 
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*V\\\H  tho  author  showed  was  not  tenable,  as  the  strongest  Nord- 
huuNi'ri  Hiilphuric  acid  fails  to  dissolve  aluminous  shales  and  Silurian 
nliiti'H ;  and  also  tliat  any  such  acid  secretion  would  act  more  readily 
oil  llio  vdlves  themselves.  From  many  experiments  on  the  cutting 
oi'  h.'ird  siliceous  substances,  the  author  found  that  the  softer  the 
HiibHtjinco  was  in  which  the  cutting  material  was  impacted,  the 
^n •liter  tho  amount  of  the  work  done.  He  was  thus  led  to  the  oon- 
cluNioii  that  tho  Fholadidae  bore  with  the  strong  muscular  foot  alone, 
and  that  tliey  obtain  the  minute  particles  of  silica  from  the  waves 
or  tliG  arenaceous  rocks  in  which  they  aro  found ;  and  henoe  there 
iH  no  necessity  for  either  an  acid  or  silicious  secretion.  That  the 
foot  was  the  boring  apparatus,  and  not  the  valves,  he  proved  from 
a  specimen  of  a  Pholas-holo  in  shale,  whero  the  pedal  depression  of 
the  animal  was  distinctly  seen. 

lie  also  exhibited  a  piece  of  glass  borod  to  the  depth  of  1*60  of 
an  inch,  by  means  of  the  j)oint  of  the  finger  and  emery  alone. 


in. — The  Tekbaces  of  Norway. — By  Prof.  Kjkkulf,  of  Christiania. 

[Translated  from  the  Norsk,  by  Marshall  Hall,  Esq.    Reprinted  firom ''  Scientifie 
Opinion  "  of  Feb.  23,  March  2,  and  March  9,  1870.] 

I^HE  terruce-like  steps,  which  it  is  the  object  of  this  paper  to 
describe,  are  remarkable  featuros  of  the  Norwegian  valleys. 
Tlieso  valleys  are  filled  with  various  deposits  of  clay,  sand,  and 
gravel,  but  the  floor  of  each  valley  does  not  slope  evenly  from  its 
commcnceinent  to  tho  lower  end  of  the  valley,  whero  it  opens  into 
the  8ea,  but  it  rises  thence  by  steps,  from  lower  to  higher  plains, 
irrcsj)ective  of  the  river  which  traverser  it  along  an  inclined  plane. 
These  steps,  the  surfaces  of  which  are  apparently  horizontfld,  have  a 
gentle  slope  at  the  upper  portion,  and  usually  terminate  below  in  a 
steep  slope  of  about  3t)°.     These  are  tho  Terraces. 

It  seems  most  reasonable  to  supiK)se  (says  the  author)  that  these 
valley  teiTaces  wero  cfiused  by  a  water-surface  on  a  level  with  them. 
If  the  sea  be  tho  agent,  marine  remains  ought  to  occur  from  the 
highest  terrace  far  up  the  valley  to  the  lowest,  at  the  present  sea- 
shore, and  at  tlie  same  time  a  certain  uniformity  might  be  expected 
in  the  nature  of  the  materials  filling  up  the  valley.  But  marine 
remains  are  only  to  be  found  at  the  lower  altitudes,  under  600  to 
GOO  feet.  At  about  the  same  altitude  the  nature  of  the  bottom  of 
the  valley  is  evidently  difterent.  From  500  to  600  feet  is,  therefore, 
tho  highest  beach-mark,  and  it  will  be  presumed  that  steps  found 
lower  than  this  are  marks  of  the  sea-level,  wliilst  for  the  other  steps 
higher  up  some  different  cause  must  be  assigned. 

With  respect  to  their  situation,  the  steps  may  be  classed  into  two 
largo  groups :  (1)  Those  that  occur  in  a  completely  open  situation ; 
(2)  Tliose  comparatively  closed  in,  and  partially  supported  by  the 
damming  produced  by  the  mountains  on  both  sides  approaching  each 
other. 

The  maritime  steps  proper  are  all  open.  The  inland  steps  aro 
almost  all  distinctly  closed. 
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Srnoe  1858,  when  he  b^an  a  series  of  observations  on  these 
ionoes,  Prof.  Ejerulf  has  pointed  out  three  causes  to  which  these 
terraces  may  have  been  due. 

1.  The  former  position  of  the  sea,  which  left  its  highest  marks  on 
the  land  at  600  feet  above  the  present  level.  2.  Ancient  bottom 
moraines,  which  obstructed  the  valley  at  a  time  subsequent  to  the 
Glacial  period,  creating  dams,  so  that  a  basin  could  be  formed  in  the 
water-oourse.  3.  Obstruction  by  a  mountain  wliich  might  create  a 
buin  so  long  as  the  water-course  in  the  valley  did  not  erode  still 
deq>er  into  we  dam. 

In  his  opinion  the  ultimate  causes  of  the  steps  of  the  water-courses 
are  not  different,  but  there  was  one  main  cause,  namely,  the  presence 
of  a  water  surface,  which  caused  the  materials  washed  down  by  the 
itieams  to  be  heaped  up  everywhere  to  the  height  marked  out. 

Where  the  watercourse  joined  the  sea  without  any  obstruction,  the 
materials  brought  down  through  the  valley  might  be  piled  to  a  con- 
siderable height  at  this  level  and  below  it  Where,  however,  a  bottom 
moraine  obstructs  the  passage,  a  basin  may  be  formed  inside  this 
wall,  and  the  material  of  the  water-courses  piled  as  high  as  the  sill. 
L  similar  case  is  the  obstruction  caused  by  the  spur  of  a  mountain. 
Hen  supposing  the  sea-level  to  l>e  lowered,  the  dam  broken  through, 
or  the  mountain  obstruction  opened,  at  each  of  those  spots  some 
portion  of  the  piled -up  materials  will  remain  at  the  sides  of  the 
passage,  subsequently  to  be  dug  out  by  the  water,  or  else  the 
terraces  will  show  the  former  water-level. 

The  steps  of  the  water- courses  are  directly  connected  with  the 
question  of  upheaval,  and  the  author  confidently  adheres  to  the 
belief  that  the  land  has  only  risen  600  feet  since  the  Glacial  eiK)ch. 
Lyell's  theory  of  a  sinking  and  rising  of  6,000  feet  is  shown  to  be 
nnsupported  by  facts ;  and  in  regard  to  the  question  of  time,  that 
whereas  this  theory  would  require  a  period  of  480,000  years,  it  is 
herebv  reduced  to  24,000. 

The  terraces  or  water-courses  throw  light  upon  tlio  uniformity  of 
rate  oi  the  motion  of  the  land. 

The  terraces  above  the  highest  beach-mark  can  almost  always  l)e 
attributed  to  dams  and  other  obstnictions.  The  case  is,  however, 
different  as  regards  terraces  lying  l)elow  this  mark ;  for  these  lie 
entirely  open  to  the  mouth  of  the  valley,  and  they  are  unsupi>orted 
by  dam  or  obstruction  of  any  kind. 

The  formation  of  the  terraces  lias  been  generally  attributed  entirely 
to  the  sea.  But,  Prof.  Kjerulf  remarks,  the  sea  alone  could  never 
form  a  terrace,  as  may  be  plainly  seen  by  any  one  sailing  round  the 
coast  of  Norway,  for  he  will  observe  that  the  shores  are  not  sur- 
rounded by  terraces,  but  that  they  occur  in  few  places  only — in 
tliose,  namely,  where  a  water-course  opens  out.  The  chief  work  of 
these  latter  consists  in  transporting  gravel  and  mud  down  to  the 
nearest  water-basin.  The  ten*aco  is  formed  by  the  joint  lal)0ur  of 
the  stream  and  the  sea.  Now  if  the  sea  sank  equally  and  slowly, 
there  is  no  cause  at  hand  for  the  formation  of  high,  distinct,  regular, 
and  open  terraces^  one  below  another.     On  the  contrary,  for  the 
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•«N* -^^v.  of  a  plurality  of  terraces,  it  is  requisite  that  the  fleaplevel 
xv..  :v::i.'«in  for  some  time  and  then  rapidly  change,  therefore  sag* 
^...x     *;  rot  rt  n»giilar,  but  an  irregular  or  periodical  moTement. 

V.i  ilV.jstmtion  of  this,  the  following  woodcuts  are  given.  If  the 
««.<.«*!  \o\A  A  B  (Fig.  1)  sinks  suddenly  to  C  D,  and  then  comes  to 

Fio.  K 


\  >tnti*  of  coniparatiye  quiet^  the  terrace  T  will  be  laid  dry,  and  the 
ixMiniilio"  of  the  lower  terrace  t  begins  at  the  lower  leveL  K,  on 
(Uo  roiitriiry,  tlic  water  at  the  level  A  B  sinks  gradually  and  slowly 
(o  r  I  ^-  'iu<l  continues  to  sink,  the  materials  of  the  water-course  wiU 
Ih^  lii'Mpfd  up  to  tho  water-level  of  each  year,  and  high  and  low  tide 
^^11  itlVrct  the  dctiitus  at  the  same  time,  and  a  slope  will  be  formed 
Oiiin  B  to  C,  but  no  distinct  steps  (Fig.  2). 

Fio.  2. 


TliifM)  facts  lead  the  author  to  conclude  that  tho  motion  occurred 
widi  H<;vonil  shocks,  with  intervals  of  comparatively  slow  motion,  if 
mil.  of  nrst.  And  it  follows  from  this  that  any  computations  of 
iiiiii;  derived  from  such  motion  cannot  be  very  accurate. 


DBEVIE-WS- 


I.— TifE  TiiiiTH  OP  THE  Bible:  Evidence  fbok  the  Mosaic  akd 
oiiiisu  kecouus  OF  Ceeation;  the  Origin  and  Antiquity  of 
Man  ;  the  Science  of  Schiptube;  and  from  the  Arcosoloqy 
or  jhffkrknt  Nations  of  the"  Earth.  By  the  Bev.  Bovrchixb 
Wuey  Savile,  M.A.  8vo.,  pp.  325.  London :  Longmans, 
(in:i:U,  &  Co.,  1871. 

rilJIK  fiuriilior  of  lx)oks  treating  of  Science  and  Eeligion,  which 
J  lmv*i  lieen  and  continue  to  be  issued,  is  astonishing,  and,  so  £eu: 
HM  MTti  arc;  aware,  few,  if  any,  solid  results  are  gained  by  their  publi- 
cation. Jfj'ieed,  tliis  is  so  manifest,  that  we  are  led  to  inquire 
w)j<;t)j«fr  after  all  there  is  any  direct  relation  between  the  subjects. 
MoKt  of  iht:H(3  autliors,  it  seems  to  us,  start  with  a  misunderstanding, 
lltfl  it  ih  (iecause  of  this  misconception  that  so  many  of  these  Greo- 
^ical  books  contiuue  to  be  written.    First,  they  are  under  the 
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hiprasrioii  that  the  Bible  was  given  to  teach  us  Natural  Sciencey 
wluch  ifl  (we  should  have  thought)  capable  of  refutation  by  the 
merest  tyro. 

Seoondly,  if  the  Bible  was  given  us  (as  we  believe  it  was)  not  to 
teach  us  natural  science,  but  our  moral  and  religious  duties,  we 
cumot  see  the  necessity  of  a  concordance  being  arrived  at  where  no 
oonnection  exists. 

Beligion  is  based  upon  matters  of  Faith,  and  deals  with  man's 
moral  and  spiritual  nature,  and  is  incapable  of  being  reduced  to 
jnoof. 

Natural  Science  is  a  systematic  record  of  facts  derived  from  a 
8tndy  of  the  phenomena  of  nature,  upon  which  its  deductions  are 
based,  and  it  only  claims  so  far  to  be  indisputable  as  it  is  capable  of 
being  reduced  to  proof. 

Religion  and  Natural  Science  may  be  compared  to  two  parallel 
lines  which,  prolonged  to  infinity,  can  never  touch,  but  there  is  no 
dinord  between  them,  save  such  as  is  due  to  the  obliquity  of 
tinon  on  the  part  of  the  authors  of  these  very  useless  and  ill- 
ooDoeived  books. 

To  arrive  at  the  truth  is  doubtless  the  object  of  most  of  these 
writers,  as  it  is  of  all  thoughtful  men ;  but  as  a  rule  they  display  a 
most  lamentable  ignorance  of  science,  and  are  remarkably  devoid  of 
judgment  in  the  selection  of  the  authors  to  whom  they  refer  for  in- 
formation. 

In  one  of  the  chapters  of  his  book,  the  Hev.  B.  W.  Savile  invites 
attention  "  to  some  of  the  Variations  in  Science  (under  the  respective 
heads  of  Astronomy,  Geology,  Anthropology,  Egyptology,  and 
Theology),  which  are  known  to  exist  amongst  the  learned  of  the 
present  day,  and  which  seem  sufficient  to  prove  the  truth  of  the 
nying,  that  tlie  science  of  one  age  is  the  nonsense  of  the  next,  on 
account  of  its  endless  changes."  In  illustration  of  this,  he  points 
oat  the  diversity  of  opinion  regarding  the  nature  of  the  earth's 
interior,  the  period  of  its  existence,  and  of  geological  chronology  in 
general ;  questions  which,  from  the  nature  of  the  evidence,  we  can 
scarcely  hope  ever  to  see  definitely  settled.  Mr.  Savile*s  ideas  of 
physical  geology  seem  to  be  of  a  decidedly  Uni/ormitarian  character. 

Lyell  considers  that  the  earth's  crust  is  known  to  a  depth  of  perhaps 
ten  miles,  •*  but  how  he  obtains  this  knowledge  is  [to  the  Reverend 
author]  a  mystery,  for  the  deepest  mine  on  record  is  less  than  half  a 
mile  in  depth.''  I ! !     Can  he  have  read  any  of  Lyell's  books  ? 

Again,  on  the  question  of  the  length  of  time  required  for  the 
formation  of  different  deposits,  he  seems  to  wonder  that  estimates  of 
the  rate  of  formation  of  peat  and  of  alluvial  deposits  made  in 
different  areas  should  vary. 

Further  on  he  affirms  that  "  altliough  five  in  every  seven  genera 
are  the  same  in  the  Human  as  in  the  'rcrtiary  period,  there  is  not  a 
aingle  species  common  to  the  two  periods."  (!) 

One  more  (quotation  will  probably  suffice  to  show  what  little 
reliance  can  be  placed  upon  Mr.  Savile's  conclusions,  at  any  rate  so 
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far  as  bis  geology  is  concerned,  for  althongli  he  refers  in  many  iH' 
stances  to  the  best  authorities,  it  is  as  frequently  that  he  mil- 
interprets  tbeir  meaning.  He  mentions  that  "  the  conclusion  of  an 
eminent  man  of  science  [Mr.  Prestwich]  only  five  years  ago  showi 
that  it  is  very  doubtful  whether  the  extinct  animals,  such  as  tho« 
modelled  in  the  gardens  of  the  Crystal  Palace,  are  of  the  greii 
antiquity  hitherto  assigned  to  them."  (!) 

We  cannot  see  that  Mr.  Savile  has  done  much  good  by  the  sluxi 
he  casts  uiK)n  geological  deductions,  nor  will  contempt  for  tfaft 
teachings  of  the  leaders  in  "  the  boasting  philosophy  of  the  present 
age  *'  (as  he  terms  it)  call  forth  more  than  a  smile  from  any  candid 
reader. 

Geology,  so  far  from  rendering  its  sincere  students  "  boastful,**  ii 
fully  as  well  calculated  as  its  sister- science  Astronomy  to  induce  i 
humble  frame  of  mind ;  and  those  who,  like  the  author,  entertain  sc 
unjust  a  view  of  its  devotees,  would  do  well  to  imitate  our  leadin| 
geological  writers,  who  never  mix  up  religious  dogmas  with  geo- 
logical facts. 


II. — ^The  Devonshire  Association  fob  the  Adyancsment  of 

Science. 

HAVING  received  a  number  of  separate  copies  of  papers  zeai 
duiiug  the  past  year  before  the  Devonshire  Association,  am 
which  have  been  published  in  the  Transactions  of  this  Society,  wi 
will  l)riefly  notice  the  subjects  which  are  treatod  in  them.  They  are  :— 

1.  Tite  Modem  and  Ancient  Beaches  of  Portland,  By  W.  Pen 
gelly,  F.K.S.,  F.G.S. 

The  author  first  refers  to  the  Chesil  Bank,  notes  descriptive  o 
whicli  he  has  compiled  from  the  well-known  paper  of  Mr.  Coodc 
C.E.  He  remarks  upon  the  abundance  of  pebbles  derived  from  th 
Biulloigh  Salterton  conglomerate,  which  he  noticed  in  company  witl 
Mr.  Vicary,  in  the  course  of  observations  made  upon  the  bank.  Hi 
however  adds  little  to  what  is  already  known  upon  the  subjed 
merely  concluding  that  the  direction  of  transportation  is  from  wes 
to  east,  in  the  direction  of  the  prevalent  winds.  Turning  his  atten 
tion  next  to  the  raised  beach  at  Portland,^  he  adduces  facts  to  sho'v 
that  the  so-called  niised  beach  is  really  a  consequence  and  proof  o 
an  elevation  of  the  coast  to  the  extent  of  not  less  than  50  feet,  an< 
tliat,  during  the  '•  Raised-Beach  era,"  the  direction  of  transportatioi 
was,  as  it  is  now,  from  west  to  east.  This  latter  conclusion  come 
into  collision  with  the  opinion  of  Mr.  Godwin-Austen,  who,  b 
describing  the  raised  bcAches  of  Devon  and  Cornwall,'  regarded  th 
presence  in  them  of  numerous  chalk  flints  as  indicating  that  th> 
transjjortation  of  the  materials  at  this  time  was  from  east  to  weal 
Mr.  Pengelly,  however,  in  1867,  suggested  that  the  flints  wer 
possibly  derived  fmm  submarine  outliers  of  gravel  at  no  great  difl 
tance,  and  he  mentions  that  recently  he  has  been  informed  of  th' 

^  Di'scribed  by  Mr.  Whiiakor  in  the  Geological  Magazine,  VoL  VI.,  p.  438. 
•  Quart.  Journ.  Geol.  Soc,  vol.  vi.,  p.  87,  1849. 
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abnodanoe  of  flint-shingle  in  the  bed  of  the  sea  around  Lundy 
Itlaod,  and  in  a  bank  off  the  Dodman  Point,  in  Comwa]!.  He  con- 
dndea  by  asking,  "  Is  it  too  much  to  hope  that  ere  long  it  will  be  a 
Mrt  of  the  duty  of  the  offioers  of  the  Geological  Survey  of  Great 
Britain  to  survey  and  map  the  bottom  of  the  British  Seas  and 
ChaoDels?" 

2.  The  Aih  Hole  and  Bench  Bone-eavems  at  Brixham,  South  Devon. 
By  W.  Pengelly,  r.R.S.,  F.G.S. 

In  this  paper  Mr.  Pengolly  has  collected  all  the  information  that 
htt  been  published  respecting  these  caverns.  The  Ash  Hole  Cavern, 
which  was  partially  explored  about  thirty  years  ago  by  the  Rev. 
B.  F.  Lyte,  is  referred  to  by  Prof.  Owen,*  under  Sie  name  of  the 
"Berry  Head  Cavern,"  and  he  mentions  the  occurrence  in  it  of 
nmains  of  the  badger,  polecat,  stoat,  watervole,  rabbit,  and  rein- 
deer. The  Bench  Cavern  was  discovered  in  1861 ;  it  has  yielded 
ranains  of  Hycena  gpelcea,  Ganis  lupus,  C.  vulpes,  and  (7.  isatis,  etc. 

8.  The  Literature  of  the  Caverns  near  Yealmptony  SotUh  Devon. 
By  W.  Pengelly,  F.R.S.,  F.G.S. 

The  only  descriptions  of  these  caves  appear  .to  be  those  given, 
between  the  years  1835  and  1839,  by  Mr.  J.  C.  Bellamy  and  the  late 
Colonel  Mu€^,  and  the  present  communication  by  Mr.  Pengelly 
consists  in  the  main  of  a  transcription  of  the  papers  by  these 
gmtlemen  in  chronological  order. 

L  Crustacea  PodophthaJmata,  and  the  Histology  of  their  Shells. 
By  Edward  Parfitt 

The  Stalk-eyed  Crustacea  (or  PodothcUmata,  as  they  are  acci- 
dentally misspelt  throughout  this  paper)  possess  considerable  interest 
to  the  geologist,  from  the  distant  period  to  which  they  date  back, — 
a  shrimp-like  form  appearing  as  early  as  the  Carboniferous  period. 
In  the  seas  surrounding  the  British  Isles  there  are  found  no  loss  than 
110  species  belonging  to  this  group,  and  of  this  number  70  species 
inhabit  the  coasts  of  Devonshire. 

The  paper  is  illustrated  with  a  plate  showing  the  microscopical 
itnicture  of  the  Crustacean  shells,  to  give  an  account  of  which  is 
the  author's  principal  object.  He  moreover  furnishes  a  valuable 
catalogue  of  the  Stalk-eyed  Crustacea  of  Devonshire,  accompanied 
by  notes  on  their  habitats,  eta 

5.  Fossil  Sponge  Spicules  in  the  Greensand  of  Haldon  and  Black- 
iown.     By  Edward  Parfitt. 

Mr.  Parfitt  describes  a  number  of  forms  of  spouge  spicules, 
figured  in  a  plate,  which  he  identifies  with  genera  of  sponges  now 
living,  and  having  a  wide  geographical  distribution. 

Sponges  must  have  been  very  abundant  during  the  deposition  of 
the  cherty  deposits  called  greensand  on  Haldon  and  Biackdown. 
Bands  of  spicula,  varying  in  thickness  from  a  foot  to  a  mere  trace, 
are  mentioned  by  the  author  as  occurring  in  these  beds,  and  the 
erosive  action,  to  which  attention  has  been  called  by  Dr.  Bowerbank, 
is  very  conspicuous  on  many  of  the  spicula.     Their  surfaces  appear 

^  British  Fossil  Mammals  and  Birds* 
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Bometimes  to  be  eaten  away,  so  as  to  leave  a  sort  of  reticnl 
surface  standing  up  above  the  body  of  the  spicalam,  and  in  soin 
the  larger  specimens  the  surfaces  are  dotted  with  minute  ponoti 
around  which  Mr.  Parfitt  has  noticed  a  series  of  annulations  in 
form  of  Beekite.^ 

6.  List  of  WorJc8  an  the  Geology,  Mineralogy^  and  Palmontolo^ 
Devonshire.     By  William  Whitaker,  B.A.,  P.G.& 

This  list  contains  no  less  tlian  300  papers  relating  to  the  geo! 
of  Devonshire,  which  must  be  of  great  service,  not  only  to 
members  of  the  Devonshire  Association,  most  of  whom,  away  f 
libraries,  would  be  ill  able  to  hunt  up  the  literature  of  their  oou 
but  to  all  geologists  in  any  way  interested  in  it  Those  only  ' 
have  had  occasion  to  find  out  the  different  works  written  upc 
particular  subject  can  estimate  the  amount  of  labour  which  this 
by  Mr  Whitaker  must  have  necessitated. 


III. — The  Royal  Geological  Commission   op   Italy,     Bu11< 
No.  1-10  (in  seven).     8vo.     Florence,  1870. 

[R.  Comitato  Gcologico  d*  Italia.     BoUetino,  No.  1-10.] 

THIS  Commission  was  ordered  by  a  royal  decree  of  December 
1867,  for  the  purpose  of  providing  Italy  with  a  geological  i 
of  the  country  (on  a  scale  of  ttt^trt)*  ^^^  accurate  sections  of 
strata,  and  to  insure  high -class  teaching  in  mineralogy,  geology, 
mining.  For  this  cud,  a  national  institution  (under  the  Ministe 
Afj^ricnlture,  Industry,  and  Commerce),  with  its  president  and  offic 
record-office,  library,  and  museum,  together  with  an  examii 
board,  have  been  set  a-foot ;  and  it  will  be  perfected  as  soon  as 
Stato  can  afford  the  means  for  carrying  out  in  full  the  purpose 
this  useful  and  well-promising  Royal  Commission.  The  memi 
at  the  end  of  1869  were : — Igino  Cocchi,  Professor  of  Geology 
the  Royal  Upper  Institute  at  Florence,  President ;  Bartolorai 
Gastaldi,  Professor  of  Mineralogy  in  the  School  of  Applied  Ei 
neering  at  Turin;  Felice  Giordano,  Engineer,  Inspector  of  the  R< 
Mining  Corps ;  Guiseppe  Meneghini,  Professor  of  Geology  in 
University  of  Pisa;  Lodovico  Pasini,  Senator  (since  dead).  By 
enthusiasm  and  good  sense  of  devoted  geologists,  desirous  of  mal 
their  favourite  science  useful  to  the  State,  this  Geological  Survey 
been  brought  under  the  notice  of  the  Government,  and  is  now  & 
set  going,  just  as  in  other  countries  fellow- workers  had  already 
King,  Kaiser,  and  Republic  to  recognize  and  advance  their  lahi 
in  working  out  the  structure  and  developing  the  resources  of  tl 
native  lands.  May  the  progress  of  the  Italian  Survey  be  steady 
rapid,  insured  by  Italy's  new-found  peace  and  unity  !  And  certai 
the  experience  of  foreign  Surveyors,  the  advanceti  views  of  mod 
geology,  and  the  vast  accumulation  of  facts  and   theories  in 

*  Mr    W.  H.  Benstcd  lonp^  a^o  called  attention  to  the  occurrence  of  band 
spicula  in  the  Kentish  Rafsr^tone  Quarries  at  Maidstone.     The  workmen  suHcrod 
infl'immation  in  their  hnn<is,  which  Mr.  Hensted  discDvered  to  be  due  to  the  irrits 
caused  by  these  fossil-sponge  spicules  penetrating  the  skin. 
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world-wide  publioations  of  to-day,  are  all  at  the  service  of  the  new 
Oofflmission,  and  will  doubtless  be  turned  to  good  account. 

in  the  mean  time  the  Commission^  publish  their  "Memoirs"  (4to.) 
and  "Bulletin"  (8vo.) — ^the  former  devoted  to  larger  communications 
on  and  results  of  work  in  Italian  geology,  the  latter  with  shorter 
nodces  and  current  information,  such  as  the  constitution  and  rules  of 
this  Commission ;  its  library-catalogue,  with  bibliographical  notices, 
et&  Zittel  on  the  Central  Apennines  (yn\h  inverted  strata)  ; 
Cocchi  on  Elba ;  Negri  and  Spreafico  on  the  Lago  di  Lugano ; 
Manzoni  on  some  Miocene  Fossils ;  Tlieobald  on  the  Valtellina ; 
Grattarola  Momo  and  Alessandri  on  Eoad-sections  of  the  Hills  in 
Fbrence  (on  a  scale  of  -gViyo)  J  Maggi  on  the  Conglomerate  of  the 
Adda ;  Grattarola  and  Alessandri  on  the  Post-Pliocene  Beds  in  the 
YaUoys  east  of  Florence;  Suess  on  the  Rothliegende  of  the  Val 
Tiompia;  Wolf  on  a  Sulphur  Deposit  near  Naples;  Camel  on 
the  Fossil  Cycadeous  Eaumeria,  and  a  new  species,  E.  Coccliiana 
(with  photographs)  ;  Abdullah  Bey  on  the  Devonian  Limestone  of 
uie  Bosphorus;  Gerlach  on  the  Geology  of  the  Southern  Pennine 
Alps;  Suess  on  the  representatives  of  the  Carboniferous  and  Per- 
mian Formations  in  the  Alps ;  Cocchi  on  the  Granite  of  the  Val  di 
Uagra,  and  on  a  Tithonian  Band  in  that  valley  ;  Curioni  on  the  Val 
Trompia ;  and  Pirona  on  the  Sedimentary  Strata  of  the  Euganean 
Hllls,  are  the  observers  and  subjects  (some  illustrated  with  wood- 
cats)  as  far  as  geology'  is  concerned  ;  whilst  numerous  mineralogical 
and  short  geological  notices  give  much  that  is  new  of  Italy,  and 
bring  together  correlative  information  from  all  parts  of  the  world. 

Thus  the  State  Committee  of  Geologists,  associated  for  the  ad- 
tancement  of  their  science  in  Italy,  and  its  application  to  the 
improvement  of  mines,  quarries,  lands,  and  roads,  have  fairly  begun 
their  systematic  work  in  a  field  where  many  have  already  laboured, 
with  varying  success,  in  searching  out  nature's  truths  and  seeking 
for  the  treasures  of  the  earth,  for  noble  or  ignoble  ends,  lliis 
loyally  conomissioned  Survey,  however,  has  for  its  only  aim  the 
increase  of  knowledge  and  the  improvement  of  Italy's  well-being. 
The  hammer,  the  plough,  and  the  pickaxe  \v\\\  work  the  surer  and 
the  faster  with  their  guidance;  and  the  capit'ilist,  the  thinker,  and  the 
philanthropist  will  each  find  a  clearer  path  for  his  thoughts  and  actions 
—helping,  raising,  and  enlightening  himself  and  his  follow  men. 

With  honest  purpose,  and  with  "  science  and  industry  "  for  their 
adopted  motto,  this  small  and  trusty  band  of  native  geologists  will 
before  long  make  Italy  truly  and  fully  known  to  their  countrymen 
by  a  map  whereon  the  divisions  will  not  be  drawn  by  sword  and 
Bceptre,  nor  coloured  by  hate  and  bigotry,  l)ut  pencilled  out  according 
to  compass  and  clinometer,  for  the  mutual  benefit  of  agriculturist 
and  miner,  shepherd  and  vine-grower,  noble  and  peasant,  according  to 
the  outcrop  of  bare  rock  and  the  broad  spread  of  fruitful  strata. 

T.  EuPEBT  Jones. 

*  The  Office  of  the  Commission  is  Cor  so  Vittorio  EmanueUy  No.  17,  Florence, 
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1.  Geological  Socibty  of  London. — December  7, 1870. — Joseph 
Prestwich,  Esq.,  F.R.S.,  President,  in  the  chair.  The  following 
commimications  were  read : — 1.  "On  Fossils  from  Cradock  and  else- 
where in  South  Africa."  By  Dr.  George  Grey.  Communicated  by 
Prof.  T.  Rupert  Jones,  F.G.S. 

From  the  Karoo-beds,  Dicynodont  fossils  and  the  jaw  of  a  reptile, 
EsthcricBf  and  some  coal  and  coal-plants  {Lepidodendron,  SigiliariOf 
etc.),  were  the  chief  specimens  noticed  by  the  author.  Some  Siig* 
maricB  from  the  old  Coal  of  Lower  Albany,  and  gravel  and  miscel- 
laneous minerals  from  the  Diamond  Fields,  formed  part  of  tlu 
collection. 

2.  "  On  some  points  in  South- African  Geology." — Part  IT.  & 
G.  W.  Stow,  Esq.     Communicated  by  Prof.  T.  Rupert  Jones,  F.G.S 

This  paper  commenced  with  a  detailed  account  of  the  Forest  zones 
coal,  and  other  strata  of  the  Karoo  formation,  as  seen  in  section] 
in  tlie  Winterberg  and  Stormberg.  The  author  particularly  pointed 
out  tlie  position  of  the  Fern-beds  at  Dordrecht,  of  the  Reptilian  re 
mains  found  on  the  Upper  Zwartkei,  and  of  the  Coal  on  the  Klaai 
Smits  River.  Ho  next  referred  to  the  climated  changes  of  Soutl 
Africa,  as  indicated  by  ita  geology  and  fossils,  particularly  flu 
Kiiroo-beds,  the  Enon  conglomerate,  the  Trigonia-heds,  the  seven 
I*ost-Tertiary  shell-beds,  and  especially  the  present  surface  con 
ditions,  which  he  regarded  as  due  to  ice-action,  as  evidence  of  whid 
ho  adduces  rochea  moutonneeSj  moraines,  basins,  and  strise,  both  nortl 
and  south  of  the  Stormberg,  in  British  Kaflfraria,  and  even  in  Lowe 
Albany.  He  concluded  with  remarks  on  the  probable  succession  o 
periods,  and  on  the  former  existence  of  a  great  southern  continent. 

Discussion. — Prof.  Ramsay  expressed  a  hope  that  the  author  at  some  future  tin 
w(»ul(l  iiiscuss  the  numerous  subjects  of  which  he  treated  at  greater  length  and  unde 
B('l)arat(>  heads.  He  was  not  surprised  at  the  finding  of  Carboniferous  plants  in  th 
Dicynodoii  beds,  which  appeare<l  to  be  of  Triassic  ago,  inasmuch  as  the  same  was  th 
case  to  some  extent  in  our  own  later  beds  of  Oolitic  date.  He  agreed  in  the  riew  o 
the  probability  of  a  vast  continent  having  formerly  existed  in  the  southern  part  o 
th(j  world,  and  considered  that  the  denudation  of  Southern  Africa  had  been  so  greal 
tliat  it  was  no  wonder  the  boundaries  of  the  old  freshwater  lakes  wore  no  longer  ear 
to  find.  It  was  also  by  no  moans  surprimng  to  him  that  a  recurrence  of  glacu 
])houoniena  should  be  found  in  Southern  Africa,  as  it  had  been  in  Europe.  He  di 
not,  how(>ver,  think  it  necessary  to  call  in  the  action  of  ice  for  the  excavation  o 
valK'Vs  sucli  as  some  of  those  desorihed,  as  rain  and  running  water  appeared  to  hii 
sufficiently  powerful  for  the  purpose.  At  the  same  time  he  would  not  deny  th 
possibility  of  ice  having  been  the  agent  in  these  cases. 

Mr.  R.'  Tate  had  seen  evidence  of  similar  effects  being  produced  by  ac^ucous  for© 
to  tliose  rchulting  from  glacial  action,  and  cited  instu'COA  of  moraine-like  deposit 
having  beeu  tbmied  by  running  streams  in  Central  and  Southern  America. 

Mr.  Henry  Woo<iward  suggested  that  it  would  be  desirable  to  wait  for  further  par 
ticulars  of  the  sections  before  assuming  the  actual  association  of  Siffiflttrfa^  Ah- 
thoptcris^  and  other  accepted  Coal -measure  plants,  with  plants  of  doubtful  Car 
boniferous  age,  such  as  Pal<eozamia  and  Glosufopttris.  He  added  that  the  Stigmaru 
lat(ly  said  to  have  been  obtained  from  the  Kimraeridge  Clay,  had  reaUy  comi 
originallv  from  Newcastle. 

I'rof.  T.  Rupert  Jones  remarked  that  Mr.  Stow,  like  other  South- African  geologists 
had  had  ample  experience  of  the  effects  of  violent  rain.    "With  n»gard  to  the  mixtur 
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d  Filnzoie  planU,  iDcb  as  tte  LtpidodendwHy  etc.,  sent  by  Dr.  Orey,  with 
/UmMMM  and  J^tcqpteriSf  he  thought  it  somewhat  analogous  to  the  mixture  of 
FUconie  and  Mesozoic  fovils  in  Australia. 

&  '^  On  the  Geology  of  Natal,  in  South  Africa."  By  C.  L.  Gries- 
mh,  Esq^,  Cott.  Memb.  of  the  E.  K.  Geologischen  Reichsaiistalt, 
Dd  of  the  E.  K.  Geographischen  Gesellachaft,  Yiemia.  Commuui- 
ited  by  Heniy  Woodward,  Esq.,  F.G.S. 

The  author  commenced  by  describing  the  physical  geography  of 
itaL  and  then  indicated  tiie  characters  and  distribution  of  the 
du  which  occur  in  that  country.  He  stated  that  the  granitic  and 
leissic  rocks  do  not  form  the  most  prominent  elevations,  but  they 
ipear  chiefly  in  the  lower  parts  of  river-valleys,  and  sometimes  in 
oall  hills.  Mica-sdiists  cmd  slates  are  found  associated  with  the 
snites.  The  great  plateaux  consist  of  an  undisturbed  sandstone, 
faich  the  author  identifies  with  the  Table-mountain  Sandstone,  and 
liich  lies  horizontally  upon  the  granites  and  old  slates.  The  tops 
I  many  of  the  table-mountains  in  Natal  are  crowned  by  beds  of 
irk  baiBaltio  greenstone.  The  Earoo  formation,  which  lies  in  part 
pon  the  Table-mountain  Sandstone,  consists  of  a  vast  series  of 
indstones  and  shales,  some  of  the  latter  containing  beds  of  coal, 
he  author  agreed  with  Mr.  Tate  in  regarding  these  beds  as  of 
riassic  age.  At  the  base  of  the  Earoo  formation  the  author  de- 
iribed  a  boulder-bed,  which  he  was  inclined  to  identify  with  the 
\ck  described  by  Mr.  Bain  as  "  Claystone  porphyry,"  and  through 
lis  greenstone  has  forced  its  way.  On  and  near  the  coast  of  the 
uthem  part  of  Natal  some  sandy  marls  and  sandstones  belonging 
I  the  Cretaceous  series  were  said  to  occur;  the  author  gave  lists  of 
ttsils  obtained  from  these  deposits,  wliich  ho  identified  with  the 
Hchinopoly  series  of  India.  Several  of  the  fossils  were  described  as 
ew  species.  The  author  considered  that  the  evidence  adduced 
idicated  that,  after  the  development  of  the  Table-mountain  Sand- 
xme,  Africa  and  India  formed  parts  of  one  continuous  continent, 
fierwards  covered  by  the  Cretaceous  sea.  The  area  now  covered 
y  the  Indian  Ocean  was  the  basin  of  a  large  series  of  lakes ;  and 
lis  condition  persisted  through  a  long  period  of  tranquillity,  lasting 
uough  the  Triassic  to  the  Ui)per  Jurassic  age.  The  greater  part 
fthis  continent  was  then  depressed  and  covered  by  the  sliallow 
retaceous  sea.  The  economic  mineral  products  of  Natal  were  raen- 
oned  by  the  author,  who  referred  to  the  occurrence  of  graphite, 
)al,  gold,  and  copper. 

D18CUH810N.— Prof.  T.  Rupert  Jones  commented  on  the  importance  of  tlie  paper 
I  throwing  so  complete  a  light  on  the  geology  of  Xatal,  and  proving  the  geological 
qaence  to  he  ■imilar  there  to  that  in  other  parts  of  Southern  Africa.  He  remiirked 
lat  the  author  had  done  special  service  hy  the  great  increase  of  information  furnished 
f  him  regarding  the  Cretacoou«  rocks  of  Natal,  and  their  equivalence  to  thoso  of 
ndia.    He  {dso  pointed  out  that  Mr.  Gries1)ach  had  proved  that  the  Karoo  formation 


ite  diamonds  were  of  local  origin,  as  Dr.  Grey  had  suggested. 
4.  "  On  the  Diamond-districta  of  the  Cape  of  Good  Ho^c?'     ^-3 
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G.  GilfiUan,  Esq.     Communicated  by  W.  W.  Smytli,  Esq.,  r.K.S, 
F.G.S. 

Mr.  Gilfillan  dcRcribed  his  going  throagh  Colesberg  to  Hopetown, 
and  thence  across  the  Orange  Biver  to  Backhouse ;  and  Uien,  after 
crossing  the  Yaal,  up  its  right  bank  as  far  as  Lekatlong.  He  noticed 
such  diamonds  as  he  saw  or  heard  of,  and  described  the  locality  u 
being  thickly  coated  with  sand,  diamond-bearing  gravel,  and  tofi, 
hard  blue  shales  occurring  here  and  there  in  protruding  hilLi. 

Discussion.-  -Prof.  Tcnnant  stated  tliat  he  had  lately  seen  as  many  as  600  diamoodi 
from  the  South-African  fields  in  the  possession  of  one  person,  some  weighing  as  moeh 
as  50  carats.  He  had  seen  another  fragment  of  a  stone  which  must  ImTe  originallj 
been  at  least  as  larg^  as  the  Koh-inoor. 

II.  December  21,  1870.-^oseph  Prestwich,  Esq.,  r.E.S-,  Pieri- 
dent,  in  the  Chair.     The  following  communications  were  read : — 

1.  **  On  Lower  Tertiary  Deposits  recently  exposed  at  PortsmoatL^ 
By  C.  J.  A.  Meyer,  Esq.,  F.G.S. 

The  author  described  some  exposures  of  Lower  Tertiary  deposit 
made  during  excavations  for  the  "Dockyard  Extension  Works'*  ii 
Portsmouth  EQirbour.  The  thickness  exposed,  exclusive  of  alluvia 
deposits,  amounted  in  all  to  127  feet.  The  beds  dip  S.S.W.,  o 
nearly  south,  2^  to  3  degrees.  The  author  grouped  them  under  tli 
four  following  divisions,  in  ascending  order  : — 

L  Cla)rs  and  sands  with  pyrites    S6  feet 

2.  Argillaceous  sands  with'  Dent^Uium 25    „ 

3.  Sands  with  ZiN^ti^  ^ 8    „ 

4.  Clays  with  Cyprina  and  sandy  clays   bb    „ 

Tlie  author  indicated  the  fossils  contained  in  each  of  these  diir 
sions,  remarking  upon  the  range  of  some  of  the  species,  and  upon  H 
apparent  mixture  of  London  clay  forms  with  others  usually  regardc 
as  chamcteristic  of  higher  or  lower  beds,  which  occurs  especially  i 
tlie  •*  Lmz/ttZa-sands."  He  suggested  that,  as  the  species  found  he 
present  some  slight  differences  from  those  occurring  in  other  d 
posits,  the  difficulty  might  be  got  over  on  Darwinian  principle 
llie  author  oonsidered  that  the  fossils  did  not  furnish  any  satisfactoi 
evidence  of  the  true  position  of  these  beds  ;  but,  from  stratigraphic 
evidence,  he  regarded  them  as  being  included  in  group  3  and  pa 
of  gioup  4  of  Mr.  Prestwich's  section  of  the  Whitecliff  strata  i 
the  Isle  of  Wight.  He  concluded  with  some  remarks  on  the  supe 
ficial  deposits  consisting  of  gravel  and  old  and  recent  mud  overlyiz 
the  Tertiary  beds  in  the  section  described  by  him. 

DiscT.'ssioN. — Prof.  Ramsay  called  attention  to  the  value  attaching  to  such  obic 
vations  as  those  of  the  author  on  the  nature  of  the  superficial  deposits  as  distinct  fro 
the  older  rocks  on  which  they  repose. 

Mr.  Ethcrid^  ohserved  that  the  presence  of  the  Lingtda  determined  the  positi< 
of  tho  Ito^nor  oeds  in  the  scries,  though  there  appeared  great  difficulty  in  fixing 
stratigfiiphically.  The  commingling  of  species  exhibited  in  this  instance  of  shd 
hitherto  supposed  to  be  peculiar  to  certain  horizons,  he  regarded  as  very  remarkabli 

l^rof.  Morris  observecf  that  the  section  seemed  to  show,  not  only  the  order  of  tl 
beds,  but  their  manner  of  deposition,  the  wliole  having  formed  part  of  a  tranqml  te 
bottom.     Ue  remarked  on  the  difficulty  of  separating  the  more  recent  mud  depod 
from  the  beds  of  more  ancient  date.     He  pomted  out  the  method  of  formation 
Bcptaria  apparently  by  segregation,  as  they  sometimes  included  undisturbed  parti 
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Ae  Ml    Th»  mmiber  of  laralTee  bored  bj  canuTorons  mollinks  was  remarkable,  as 

m  ibo  the  abeence  of  Ikttymeuimt, 

Vr.  Gwyn  Jeffreyi  obsenred  on  the  habitB  of  LinguUf  which  had  been  by  some 
Rfoded  as  an  amiehd,  and  not  as  a  mollusk.  It  afforded  a  curious  instance  of  the 
iwistence  of  species,  as  there  was  no  distinction  that  could  be  established  between 
■OK  of  the  Cng  and  of  Silurian  times.  It  liyed  at  the  present  time  between  high- 
ad  low-water  mark,  and  the  Pampaa  at  a  slightly  lower  level,  and  probably  had 
Aw  so  in  TMiary  times. 

Mr.  Erans  inquired  whether  the  u]>per  gravel,  like  that  on  the  shore  of 
Sondiaamton  Water,  contained  any  flint  implements. 

Hr.  Meyer  replied  that  he  had  not  examined  the  gravela  with  that  view. 

2.  "Note  on  some  new  Crustaceans  from  the  Lower  Eocene  of 
Portsmoath,  collected  by  C.  J.  A.  Meyer,  Esq.,  F.G.S."  By  Henry 
Woodward,  Esq.,  F.G.8.,  F.Z.S. 

Mr.  WoodwaGrd  drew  attention  to  the  occurrence  in  the  fossil  state 
of  pelagic  forms  of  Crostacea  armed  with  long  spines  on  the  latero- 
interior  angles  of  the  carapace. 

Two  Eocene  forms  had  been  described  by  Dr.  Alphonse  Milne- 
Edwardsy  namely,  EnopUmoiw  armatw,  and  Tsammocardnus  Heri' 
tortiu 

Two  new  forms,  differing  generically  from  the  aboTO,  but  pro- 
bably referable  to  l^e  same  family  (the  PortunidcB),  were  described, 
under  the  names  of  Bhaehiaoma  (gen.  nov.),  B.  echinataf  and  B.  hi- 
tpinosa. 

A  third  form,  belonging  to  the  CorystidcB,  was  then  noticed.  This 
bnily,  represented  in  the  fossil  state  by  the  genus  PalcBocorysteSf  is 
well  known  in  the  Oault  and  Upper  Greensand  of  Folkestone  and 
Gunbridge,  one  species  ranging  up  as  high  as  the  Maestricht  beds. 
Ihe  occurrence  of  PalcBocorystea  in  the  Lower  Eocene  is  of  great 
iitoest.     Mr.  Woodward  named  this  new  PalcBocorysiea,  P.  glabra, 

3.  "On  the  Chalk  of  the  Cliffis  from  Seaford  to  Eastbourne, 
Sassex."     By  W.  Whitaker,  Esq.,  B.A.,  F.G.S. 

The  author  compared  the  chalk  of  the  Sussex  coast  with  that  of 
the  Kentish  coast,  and  stated  that  it  consisted  of  the  following  divi- 
nons  in  descendiiig  order : — 

1.  Chalk  with  flints  of  great  thickness. 

2.  Chalk  with  flints  and  nodular  layers,  weathering  rongh. 

8.  Chalk  without  flints,  hut  with  nodular  layers^  weathering  rough. 

4.  Thiok-hedded  massive  chalk  without  flints. 

5.  If  ore  thinly-hedded  chalk  without  flints,  hat  with  marly  beds. 

6.  Chalk-marl,  50  or  60  feet 

TTie  highest  of  these  divisions  stretches  as  far  eastwards  as  Beachy 
Head,  and  forms  the  whole  of  the  cliffs  to  within  a  short  distance  of 
that  point. 

4-  "  On  the  Chalk  of  the  southern  part  of  Dorset  and  Devon." 
By  W.  Whitaker,  Esq.,  B.A.,  F.G.S. 

The  divisions  of  the  Chalk  were  traced  by  the  author  westward 
from  cliffs  on  the  north  side  of  Swanage  Bay  to  beyond  Beer  Head 
m  Devonshire.  At  first  the  succession  of  the  beds  was  shown  to  be 
as  in  the  Isle  of  Wight,  namely : — 

1.  Chalk  with  flints,  very  thick.  4.  Chalk  without  flints. 

2.  Chalk  with  few  flints.  5.  Chalk-murl. 

3.  Chalk-rock,  Ycry  thinly  developed. 
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It  was  sliown  that  the  lower  beds  became  thinner  westward,  until, 
at  one  part  of  the  Beer  Head  section,  the  chalk  with  flints  rested  «t 
onco  on  the  Upper  Green  sand  ;  and  the  following  general  conclusions 
were  drawn : — 

That  the  chalk-iuarl  thins  westward,  and  its  Iwtfcom  part  becomes 
marked  by  the  presence  of  quartz-grains,  showing  perhaps  signs  of 
a  loss  doep-soa  character  than  usual. 

That  the  Chalk  without  flints  thins  westward  (from  about  200  feet 
in  the  Islo  of  Wight),  until,  in  Devonshire,  it  is  but  30  feet  thick, 
or  oven  less. 

The  consequent  nearness  of  the  Chalk  with  flints  to  the  Oreensand 
helps  to  explain  the  deposits  of  flints  on  some  of  the  Devonshire 
hills. 

Discussion. — Mr.  Ethoridpre  pointed  out  the  resemblance  between  the  seriei  de- 
scribed by  the  author  and  that  of  the  Chalk  nf  Antrim.  He  thought  it  probable  thik 
the  Crrtaoeuiis  bcnls  had  originaDv  extimded  o\'cr  the  whole  of  Western  England. 
He  called  attention  to  the  Blackdown-beds,  which  had  been  regarded  as  Upper 
Green siind,  but  certainly  were  not  bo,  though  probably  Cretaceous,  as  well  worthy  of 
examiuntiou. 

Mr.  Hull  hoped  that  some  Fellows  of  the  Geological  Society  would  extend  their 
examination  of  the  Chalk  into  Ireland,  and  visit  the  Antrim  district.  It  was  the 
c»K(!  there  that  the  Chalk  with  llints  re<Hted  immediately  on  the  Upper  Greensand, 
thoui^^h  there  was  an  intermediate  band  known  as  the  Mulatto-bed,  which  might 
possibly  represent  the  (^halk-rock. 

I'rot'.  Morris  thought  tlie  papiT  afforded  evidence  in  favour  of  the  Chalk  having 
been  de]u)site<l  in  a  binking  area,  and  during  the  process  various  alterations  in  the 
coiKlitioufl  took  place. 

Mr.  I).  Forbes  inquired  as  to  the  character  of  the  nodules  mentioned,  and  whether 
they  wt;re  fiiliceous  or  not. 

Mr.  Meyer  mentioneil  that  near  Branscombe  there  occurred  a  band  within  8  feet  of 
the  lied  Murl,  containing  fos.sils  apparently  the  same  as  those  of  Blackdown. 

^Ir.  Wliitaker  had  purposely  avoided  characteiizing  the  greater  part  of  the  Green- 
sand-beds  as  either  Upper  or  Lower.  He  thought  the  Cherty-bcds  of  the  west  were 
strati (^rapliically  higher  than  those  of  the  Isle  of  Wight.  The  nodules  inquired 
about  wi  TO  not  siliceous,  though  probably  containing  some  silica,  but  were  rather 
phosphatic. 

KoYAL  CiEOLoorrAL  Society  of  Ireland  (Jan.  11). — A  paper  was 
read  hy  Edwnril  Hull,  Esq.,  F.R.S.,  Director  of  the  Geological 
Survey  of  Ireland,  "On  the  tIeolo;^cal  Age  of  the  Ballycastle  Coal- 
field, and  its  relation  to  the  Carboniferous  Hocks  of  the  West  of 
Scotland." 

The  object  of  the  paper  was  to  prove  that  the  Coal-field  of  Bally- 
castle, County  Antrim,  was  referable  to  the  type  of  the  Lower  Coal- 
field of  Scotland,  and  consequently  of  the  age  of  the  Lower 
Carboniferous  seiies ;  in  other  words,  of  the  Mountain  Limestone. 

Tlie  (.'arboniferous  seiies  of  Ballycastle,  which  had  l)ecn  described 
in  1829  by  Sir  R.  Griflith,  F.K.S.,^  was  shown  to  consist  of  three 
divisions  in  descending  order, 

1.  The  Tipper, — Consisting  of  massive  sandstones,  shales  with 
beds  of  coal,  black-band  and  clay -band,  ironstones,  etc 
{Lingula  squaini/ormis). 

^  "  Report  on  the  Coal  Districts  of  Tyrone  and  Antrim"  to  the  Royal  Dublin 
Society,  1829. 
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2.  The  Middle, — Consisting  of  a  tbin  bed  of  Limestone  lying 
between  shales,  with  Carboniferous  limestone  genera  and 
species  of  shells,  crinoids,  and  corals. 

3.  The  Lower, — Consisting  of  massive  reddish  grits  and  con- 
glomerate with  thin  beds  of  shale. 

The  author  showed  that  the  Carboniferous  limestone  of  Ireland 
undergoes  in  its  extension  northwards  changes  similar  to  those  of 
the  same  formation  in  Britain,  when  traced  from  Derbyshire  into 
Northumberland  and  Scotland.  The  calcareous  member  thins  away  and 
11  replaoed  by  sedimentary  strata  of  sandstone  and  shale,  showing 
approximately  terrestrial  conditions,  productive  of  coal  and  ironstone. 
It  was  thus  tiiat  in  the  case  of  the  Glasgow  coal-field  the  limestone 
of  Derbyshire,  several  thousand  feet  in  thickness,  was  represented 
bjr  only  thin  bands  of  earthy  limestone,  interstratified  with  a  thick 
Mies  of  grits,  shales,  etc.,  with  ironstone  and  coal.  In  a  similar 
mamier,  the  Ballycastle  coal-field,  with  only  a  few  feet  of  limestone 
ahown  in  the  cli£fs  of  the  bay,  was  the  representative  of  the  Car- 
boniferous limestone  of  the  centre  of  Ireland,  nearly  3,000  feet  in 
Sickness. 

Mr.  Hull  regarded  the  Lower  division  (No.  3)  of  the  Ballycastle 
beds  (as  above  described)  as  undoubtedly  the  representative  of  tlie 
''Calciferous  Sandstone  Series"  of  the  G^logical  Survey  which  lies 
at  the  base  of  the  Carboniferous  rocks  of  the  West  of  Scotland,  and 
that  the  Middle  and  Upper  divisions  (Nos.  2  and  1^  correspond  to 
the  Carboniferous  limestone  series,  or  lower  coal-field  of  that 
country. 

As  regards  the  palaeontological  evidence,  it  was  in  favour  of  this 
riew,  as  far  as  it  had  been  studied.  Out  of  33  species  observed  in 
the  limestone  band  of  Ballycastle  Bay,  50  per  cent,  had  been  de- 
acribed  in  the  Lower  Carboniferous  rocks  of  the  West  of  Scotland,* 
aiid  one  of  the  uppermost  scams  of  coal  lying  above  the  limestone  had 
yielded  Lingtda  aquami/ormia,  a  form  characteristic  of  the  limestone 
series  in  the  North  of  England,  as  also  in  Scotland  and  Ireland. 
Mr.  W.  H-  Baily,  P.G.S.,  concurred  in  the  view  of  the  age  of  these 
beds,  on  palseontological  grounds. 

The  author  concluded  by  pointing  out  several  features  of  similarity 
between  the  Ballycastle  beds  and  the  Lower  Coal  series  of  the  West 
of  Scotland,  such  as  the  occurrence  of  several  beds  of  "  Black-band  " 
ironstone ;  the  hydraulic  and  earthy  character  of  the  limestoue  of 
Ballycastle  Bay  exactly  resembling  tlie  "  Arden"  and  "Cowglen" 
bands  of  Glasgow.     Some  uncertainty  still  remained  whether  there 
were  any  beds  in  the  Ballycastle  district  as  high  in  the  geological 
aeries  as  the  Millstone  grit,  or  true  Coal-measures ;  but  until  more 
light  could  be   brought  to  bear  on  this  question  by  further   ex- 
ploration, and  a  complete  investigation  by  the  Government  Sur- 
veyors, the  author  meanwhile  regarded  the  whole  series  as  Lower 
Csffboniferous. 

*  Trans.  Ocol.  Soc.  of  Glasgow. 
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Oeological  Society  of  Glasgow. — ^December  Ist,  1870. — Mr. 
John  Young,  Vice-President,  in  the  chair. 

Bituminous  Sthifed  Sandstone. — ^The  Chairman  exhibited  a  block  of  Carbom- 
feroiis  sandstone  from  Gilmorehill  quarry,  about  nine  inches  in  thickness,  showing  in 
that  space  thirty- two  well-defined  alternate  white  and  dark- brown  stripes,  which  ga^e 
the  specimen  a'beautifully  stratified  appearance.  Mr.  Young:  stated  that  the  brown 
stripes  were  due  to  the  particles  of  sana  having:  become  mixra  with  bituminous  mat- 
ter previous  to  their  deposition.  It  was  perhaps  not  easy  to  explain  the  alternation, 
so  oft  repeated,  of  those  white  and  coloured  bands,  but  ne  thought  the  stripes  could 
not  have  been  so  clear  and  distinct  if  the  sand  had  been  impregnated  with  the 
colouring  matter  after  deposition.  The  layers  of  white  and  brown  sand  had  eyidentl? 
been  deposited  as  such,  at  irregular  intervals,  over  the  area  in  which  this  striped 
sandstone  is  found,  and  which,  he  might  mention,  is  of  very  limited  extent  in  the 
quarr}'  he  had  named.  He  then  referral  to  other  bituminous  sandstones  found  in  the 
coal-measures  near  Glasgow,  and  said  he  believed  the  bitumen  by  which  they  had 
become  impregnated  had  been  driven  off  by  heat  ft'om  other  bituminous  strata  in 
their  neighbourhood,  and  in  some  cases  had  been  mixed  with  the  sand  during  the 
deposition  of  the  bod;  in  others,  had  been  carried  into  it  at  a  later  period  by  innltra- 
tion.  As  regarded  the  specimen  before  them,  the  former,  as  he  had  already  indicated, 
was  the  more  probable  hypothesis.  All  these  bituminous  sandstones,  on  Ming  burnt, 
lose  their  bitumen,  and  return  to  their  normal  colour. 

Cakboniperous  Fossils. — Mr.  Thomas  Naismyth  exhibited  seTeral  drawers  ol 
fish  remains,  principally  from  the  coal-fields  around  Glasgow,  upon  which  Mr.  Toung 
ofiercd  a  few  remarks  illustrative  of  their  generic  characters  and  their  range  in  the 
Carboniferous  strata.  The  collection  contained  a  number  of  fine  lam  teeth  of 
Rhizodus  Hibberti^  from  the  ironstone  pits  at  Possil ;  jaws,  scales,  and  teeth  of  Megm' 
lichthy  Hihherti  and  Megaliehthyi  rugonu,  besides  a  numbw  of  fin-spines  and  otha 
fragments  of  fishes,  from  the  Airdrie  coal-field.  Among  the  specimens  were  also  to 
be  noticed  a  few  fragments  of  reptilian  remains,  consisting  of  portions  of  crania, 
vertcbne,  etc.,  which  had  been  found  near  Airdrie,  and  at  Quarter,  near  Hamilton. 

Mr.  James  Thomson,  F.G.S.,  said  the  specimens  exhibited  by  Mr.  Naismyth  wen 
of  considerable  interest,  especially  the  reptilian.  These  belonged  to  two  new  speeia 
of  Labyrinthodon,  of  which  he  had  already  found  remains  m  strata  of  the  same 
geological  horizon. 

Oil  Shale. — Mr.  D.  C.  Glen,  C.E.,  laid  before  the  meeting  seyeral  slabs  of  oil 
shale  from  near  Collingwood,  on  Lake  Huron,  Canada ;  and  also  some  samples^  ol 
the  petroleum  distilled  from  it  The  slabs  were  from  the  Silurian  formation,  whicli 
is  of  great  extent  in  North  America,  and  remarkable  for  the  regular  succession  ol 
its  strata.  When  examined,  these  blocks  of  shale  were  found  to  be  stratified  horixon< 
tally  with  layers  of  Trilobites,  Entomostraca,  and  other  marine  organisms.  Th( 
oil  'shown  was  distilled  from  the  shale  in  the  usual  manner,  by  heated  retorti, 
The  pure,  clear  spirit  is  taken  from  the  oil,  leaving  a  thick  residuum,  which  is  used 
for  tarring  outsiae  work,  and  also  for  burning  in  steam-boiler  and  other  furnaces 
Another  sample  of  oil  on  the  table  was  pumped  up  firom  a  bored  well  at  Bothwell,  O.W. 
where  the  oil  occurs  at  a  depth  of  from  100  to  600  feet  from  the  surfeu^e.  Whei 
pumped  out,  it  is  mixed  with  three  or  four  times  its  bulk  of  salt  water.  It  is  thei 
allowed  to  settle  in  large  tanks,  and  when  the  water  is  drawn  off  from  below  it  leava 
the  oil  in  very  much  the  same  state  as  that  distilled  from  the  shale.  In  all  proba- 
bility, therefore,  this  oU  is  derived  from  a  similar  stratum,  impregnated  with  organii 
animal  matter. 


coieE,Es:poinDEisroDE3. 


SPORE-COAL;  FLINT,  AND  PROTOZOA. 
Sib, — I  am  an  elderly  amateur  of  Geology,  and  have  suffered 
many  disappointments,  on  finding  that  what  my  scientifio  guidei 
had,  at  one  time  or  another,  told  me  to  aocept  as  the  definite 
cause  and  explanation  for  this  or  that  fact  or  problem,  on  which  1 
sought  their  opinion,  was  rotten  or  could  not  hold  water.    Indeed, 
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/  mmroelj  hesitate  to  disbelieve  in  a  new  theory,  and  to  discredit  an 
Sflserted  discovery,  unless  the  former  holds  good  through  several 
editions  of  a  manual,  and  the  latter  survives  the  discordant  state- 
ments of  opposite  parties  for  the  term  of  at  least  three  sessions, 
escluBive  of  the  Bntish  Association  Meeting  when  it  was  first  pro- 
mulgated. I  shall  not,  however,  have  time  to  believe  in  any  of  the 
adTanced  facta  and  notions  of  to-day  if  tliese  rules  of  mine  remain 
unbroken.  Will  you  be  pleased,  Mr.  Editor,  to  serve  as  strainer  to 
xny  curds  and  whey,  and  tell  me  what  is  the  cheese,  when  I  shall 
bave  put  the  collected  matter  of  my  reading  before  you  ? 

Now  you  must  know  that  I  like  to  read  about  coal,  as  well  as 
bum  it  this  cold  season  ;  and  I  have  read  very  many  curious  things 
about  it.     Of  course,  when  I  was  a  boy,  coal,  I  was  told,  was  the 
aocnmulated  vegetable  refuse  of  the  Mosaic  deluge,  whilst  the  fossils 
of  the  Lias  country,  which  constituted  my  world  at  that  time,  were 
the  defunct  Mosaic  sea  animals.     Once  I  heard  a  lecture  on  the 
origin  of  coal  from  pitch-lakes;   but  whether  they  were  such  as 
those  of  Trinidad,  described  by  G.  P.  Wall,  or  rather  like  those 
elsewhere,  so  well  described  by  A.  Dante,  J.  Milton,  and  others, 
I  had  my  doubts.      Then  I  read  that  coal  was  the  drift  timber 
of  pre-historic  Mississippis  and  Orinocos.     Then  I  was  informed 
it  was  the  successive  jungles  of  unknown   trees  on  sinking  is- 
lands in  the  former  world.      Then  I  learned  from  Ooeppert  and 
others  that  these  trees  and  herbs  could  be  satisfactorily  separated 
and  recognized,  even  in  the  coal  itself,  as  well  as  in  the  clay-beds 
among  which  it  lies ;  and  linger  drew  Martiuesque  forests  of  Sigil- 
larias,  Stigmarias,  etc.,  and  I  presumed  all   was  known.      Then 
Quekett  and  other  histological  microscopists  (you  see  I  know  some 
hard  words)  showed  the  structure  of  various  coals ;  and  their  long  and 
short,  shaped  and  shapeless,  coloured  and  discoloured,  particles  were 
very  interesting ;  but  I  could  not  satisfy  myself  which  way  the  slices 
were  cut  for  the  microscope,  nor  which  was  the  top  and  which  the 
bottom  of  the  piece  of  coal.      Then  Dr.  Dawson  taught  me  more 
clearly  about  the  order  of  the  bright  and  the  dull  black  layers,  and 
explained  everything  so  nicely  that  I  thought  we  knew  the  history 
of  the  coal,  its  forests,  and  all  its  antecedents.     Others  had  taught 
me  of  the  spore-made  "trubs,"  of  the  chemical  changes  of  the 
hydro-carbons  of  woody  matter,  peat,  lignite,  coal,  etc. ;  and  I  recog- 
nized the  diflFerence  between  the  native  charcoal,  or  black  touchwood, 
of  the  streaky  coal,  and  the  antliracite,  or  coal  changed  into  carbon 
by  loss  of  its  hydrogen,  and  so  on.     But,  Mr.  Editor,  now  begins 
my  trouble.    I  have  just  read  Mr.  Dawkins's  "  Science  Lecture  on 
Coal "   (8vo.  pamphlet ;   Hey  wood,  Manchester),   and  I  find   that 
"  bituminous  coal  "  is  so  called,  not  because  it  is  mostly  convertible 
into  bitumen  by  heat,  but  because  it  contains  hitumen ;  and  I  learn 
that  all  this  "  bitumen  "  is  nothing  but  sporangia  and  spores  I     And 
that  to  prove  this,  none  have  laboured  so  successfully  as  "  Professor 
Uorris,  Mr.  Carruthers,  and  last,  though  not  least,  Professor  Hux- 
ley" !     Of  course,  I  have  heard  of  these  spores  and  si)ore-ca8CS 
before;  but  this  seems  to  me  to  be  a  case  of  sporunamQ^  on  the 
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lecturer's  pari  It  may  be  so  with  other  people  too.  I  cannot  think 
it  is  with  Prof.  Huxley,  for  the  lecture  on  coal  given  by  him  at 
Bradford,  December  28,  1869,  as  reported  in  "Scientific  Opinion," 
is  one  of  the  best  lectures  I  ever  read, — unpretending,  dear,  simple, 
comprehensive,  and  indeed  perfect ;  and,  however  full  of  information 
on  coal  and  coal-spores  it  may  be,  it  does  not  break  out  into  any 
wild  notion  of  universal  spore-coal,  nor  supply  any  jack-o-lantem 
lights  of  false  science.  Nor  do  I  see  any  symptoms  of  this  spore- 
madness  in  Messrs.  Morris  and  Carruthers,  if  I  have  read  their 
writings  aright  They  and  their  fellow- workers  have  long  ago  told 
us  what  kind  of  plants  bore  the  spores  that  are  found  here  and  there 
in  the  coal ;  and  they  must  indeed  feel  glad  to  find  that  the  lecturer 
assures  us  that  he  thinks  it  is  not  at  all  difficult  to  trace  some 
analogy  of  the  extinct  Lycopods  with  a  living  order  of  vegetation ! 

Do  tell  me,  Mr.  Editor,  how  far  I  may  go  in  for  the  coal-bitumen 
and  the  coal-spore  doctrines  in  my  geological  conversations  next 
year,  when,  as  usual,  I  intend  to  turn  over  a  new  leaf;  indeed,  I 
think,  quite  a  new  branch  of  anthraoology  1 

Mr.  Dawkins  has  given  us  the  spores  of  his  new  theory ;  but  he 
cuts  away  the  roots  of  Lepidodendron  and  the  leaves  of  Sigillaria. 
Am  I  to  lay  aside  the  teachings  of  Dawson  and  others,  and,  after 
reading  Dr.  Hooker's  memoirs  of  1848,  omit  everything  till  I  come 
to  Mr.  Carruthers's  late  excellent  papers,  and  Prof.  Huxley's  and 
Dawkius's  lectures,  with  the  chapter  on  coal  in  Lyell's  "  Elements  " 
for  my  entremets  f     If  so,  I  fear  I  may  get  the  spore-fever  too  I 

Dear  Mr.  Editor,  there  are  other  geological  troubles  in  my  mind- 
life.  What  am  I  to  do  about  flints  ?  I  will  not  make  a  risumd  of 
my  "  Phases  of  Faith  "  in  Silicification.  They  might  be  as  heterodox 
as  other  people's  "Phases."  Let  me  say,  however,  that  I  did  not 
heartily  believe  in  Ehrenberg's  dissolution  of  Diatoms  for  the 
making  of  flint.  I  thought  that  the  decomposed  felspars  and  the 
many  mineral  springs  would  do  as  well ;  and  I  did  not  believe  that 
the  silex  ever  stuck  round  a  sponge  like  glue  on  an  apprentice's 
fingers.  I  did  think  there  had  been  a  pseudomorphism  of  silex 
after  carbonate  of  lime  in  every  limestone,  even  on  the  sides  of  joints 
in  chalk ;  and  I  hoped  for  some  good  experiments  to  back  up  my 
fancy.  But  now  I  am  driven  back  to  tiie  dissolution  of  diatoms 
and  siliceous  spicules,  with  regenerated  silex,  where  never  a  diatom 
nor  sponge  need  have  been,  just  because  the  zoologists  have  found 
plenty  of  diatoms,  polycystines,  and  siliceous  sponges  in  what  they 
are  pleased  to  call  the  "  Chalk-mud  "  of  the  deep  Atlantic !  Further, 
I  am  told  to  believe  that  Toulmin  Smith's  membranous  Ventriculites 
were  once  siliceous,  but  gave  up  their  hypothetical  silica  in  the 
muddy  chalk,  to  suit,  I  suppose,  the  last  new  idea  that  zoologists, 
thinking  to  benefit  geology,  have  brought  up  with  the  sounding-lead  I 
What  a  uniform  consentaneous  sacrifice  the  Ventriculites  must  have 
xnade ;  as  neatly  plundered  of  their  supposititious  silica  as  the  French 
▼illas  are  cleared  of  lamps  and  pianos  by  the  Prussians, 
^[lie  diatom-mania  has  led  us  before  now  through  Salpas  and 
■ftles'  coprolites,  to  full-grown  flints!     And  with  this  warning 
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before  me  I  aball  eschew  them,  and  even  encourage  a  Spongiphobia 
in  the  matter  of  silioification,  until,  Mr.  Editor,  I  am  directed  to  the 
trne  light»  though  it  be  but  a  spark,  that  zoologist,  mineralogist,  and 
geologist  together  have  to  get  out  of  flint 

My  next  trouble — ^no — you  shall  not  be  bored  with  that.  It  is 
like  the  others — ^the  result  of  enthusiastic  savants  running  wild 
with  the  one  new  idea  that  has,  I  fear,  deluded  them,  and  others 
before  them,  with  the  hope  of  throwing  a  flood  of  light  on  that 
obicare  but  interesting  subject  which  circumstances  have  led  them 
to  take  np  as  a  study,  or  as  the  text  for  a  lecture.  "  Tlie  intelli- 
gent foreigner"  that  we  know  of  once  found,  in  the  lake  of 
Mexico,  petrified  Notonecta  eggs  so  like  oolite  that,  being  a  geo- 
logiat,  he  immediately  discovered  that  all  oolites  are  petrified 
insect  ^gs  I  So  with  the  spores ; — all  flaming  coal  is  spores  I  So 
with  flint ;  it  is  all  jelly  of  diatom-broth  and  sponge-spicule-soup  ! 
And  now,  dear  Sir,  please  tell  me,  are  these  the  curds  and  whey 
from  which  genuine  cheese  is  made  ? — Tours,  etc., 

CkriMtmtu  JDmy,  1870.  WUSTICUS  BXPECTANS. 

PosTBOBiPT. — I  am  troubled  too  by  what  seems  to  be  a  Rhizopodal 
madness  among  palaeontologists,  upsetting  my  old  notions,  and  offer- 
ing such  new  ones  that  a  course  of  reading  in  the  existing  manuals 
does  not  enable  me  to  digest.  In  fact,  nearly  every  obscure  little 
thing,  and  many  big  things  once  safely  registered  among  corals  and 
such  like,  become  foraminiferal  now-a-days.  Indeed,  geologists, 
especially  the  new  ones,  have  had  the  Globigerina-fever  ever  since 
Mr.  Sorby  explained  that  some  chalk  is  nearly  made  up  of  Globi- 
gerina  shells.  The  Atlantic  mud,  in  some  places,  was  next  found  to 
consist  of  Foraminifers  and  Polycystines ;  and  if  anything  else  was 
wanted  in  its  protozoal  character,  it  was  soon  supplied  with  Cixjco- 
liths  and  the  pervading  but  almost  intangible  Batliybius,  which  has 
permeated  ocean-beds  and  men*s  minds  after  the  fashion  of  ITnns  and 
Tatars,  Saracens  and  Prussians,  invading  broad  lands  and  occupying 
history  unjtil  a  change  comes  o'er  the  spirit  of  earth's  dream  once 
more.  I  suppose  these  Rhizopodal  truths  are  more  or  less  genuine. 
But  are  we  to  admit  of  sub-Alpine  flanks  and  sub-Himalayan  but- 
tresses made  of  Nummulites,  and  that  the  Turco-Persian  frontiers 
are  marked  out  by  gigantic  Foraminiferal  Loftusias  ?  Are  there 
whole  beds  of  Parkcrias ;  and  are  wide  sea-floors  coated  thickly 
with  siliceous  casts  of  small  Forams  ?  Are  we  to  suppose  that  nearly 
all  the  fine-grained  limestones  belong  to  the  protozoists,  and  are 
sealed  as  theirs  by  visible  Alveolines,  Fusulines,  etc.,  and  by  micro- 
coa  innumerable,  known  only  to  the  experts  ?  This  seems  enough  for 
ns  to  believe  ;  but  let  me  ask — did  really  the  big  Stromatopora  enter 
as  a  Foraminifer  in  the  race  of  life  ?  And  did  the  Eozoon,  known 
only  to  the  upper  ten  of  palaoo-zoology,  play  as  important  a  part 
before  Canada  was,  as  it  has  (in  books)  since  Canada  became  a 
Dominion  ?  We  are  overwhelmed  with  Rhizopods  :  to  say  nothing 
of  Sponges,  old  and  new,  and  other  Protozans. 

Can  you,  Mr.  Editor,  tell  me  when  the  Khizopodists  will  cease  to 
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trouble  ub  with  such  multitudes  of  these  low  things?  We  poor 
amateurs  seem  to  be  so  many  Pharoahs — to  be  afflicted  in  all  our 
quarters  with  protozoan  creatures  enough  for  all  four  of  Egypt's 
animated  plagues  I — B.  ex. 

MR.  CROLL'S  HYPOTHESIS  OF  THE  FORMATION  OP  THE  YORK- 
SHIRE BOULDER-CLAY. 

Sir, — ^I  submit  that  Mr.  Croll's  hypothesis  of  the  formation  of  the 
Yorkshire  Boulder-clay  by  a  sheet  of  land-ice,  without  any  inter- 
vention of  the  sea,  is  at  once  negatived  by  the  abundant  beds  of 
sand  and  gravel  intercalated  in  it,  in  one  of  which  occur  shells  per- 
fect, unrolled,  and  sometimes  double;  and  that  his  explanation  of 
the  absence  of  chalk  from  the  purple  day  by  one  arm  of  his  ice- 
sheet  having  passed  north  of,  and  so  escaped,  the  Wold  is  equally 
negatived  by  the  fact  of  this  clay  overlying  and  passing  graduaUy 
down  (through  clay  with  more  and  more  chalk)  into  the  chalky  day 
along  the  Holdemess  coast,  viz.,  at  Dimlington  cliff,  and  at  the 
cliff  south  of  Mappleton ;  for  besides  this  gradual  transition,  these 
places  could  not  by  any  possibility  be  reached  from  the  direction  of 
Shap  without  the  chalk  being  crossed. 

From  the  way  in  which  Mr.  Ooll  uses  the  quotation  from  a  paper 
of  mine  as  to  the  origin  of  the  chalk  in  Boulder-clay,  the  reader 
might  suppose  that,  like  Mr.  Croll,  I  regarded  such  Boulder-day  as 
a  deposit  of  land-ice  without  intervention  of  the  sea ;  and  I  am 
anxious  not  to  be  misunderstood  in  this  respect :  for  though  I  regard 
the  material  making  up  the  chalky  clay,  and  indeed  most  of  that 
making  up  all  glacid  clay,  as  the  product  of  land  glaoiation,  yet  the 
evidence  seems  to  me  unanswerable  that  such  clay,  wholly  unstrati- 
fied  as  it  is,  has  been  deposited  under  the  sea ;  and  that  moreover  to 
all  appearance  as  tranquilly  as  many  sedimentary  deposits. 

Were  your  pages  less  engrossed  with  Glacial  topics,  I  should  like 
to  discuss  with  Mr.  Croll  the  evidence  bearing  upon  iJiis  subject,  as 
well  as  upon  the  hypothesis  of  an  ice-sheet  2,000  feet  and  more  in 
thickness,  which  he  and  Mr.  Jamieson  insist  has  passed,  regardless 
of  hill  and  vale,  over  the  higher  mountains  of  Scotland,  such  as 
Schiehallion,  and  the  filling  up  of  the  North  Sea  with  ice ;  but  until 
opportunity  offers,  I  must  content  myself  with  demurring  to  all  these 
propositions. 

I  may  mention  that  Mr.  Bome  thinks  that  the  Shap  blocks  are 
confined  to  the  upper  part  of  the  purple  clay,  and  that  he  ascertained 
the  exact  spot  (about  15  feet  from  the  top  of  the  cliff)  near  Saltbum 
whence  one  of  these  boulders  had  oome.  Supposing  this  to  be  oon- 
firmed,  it  would  show  that  the  glacial  period  had  nearly  terminated 
when  these  erratics  came  over;  and  the  period  arrived  when  the 
glacier  ice  having  been  lifted  out  of  the  straths  and  valleys,  the 
mountain  regions  had  become  an  archipelago  filled  with  ice-floes,  to 
the  agency  of  which  (and  not  to  that  of  bergs)  both  Prof.  Harkness 
and  myself  refer  the  transport  of  the  blocks  in  question — ^the  period, 
in  fact,  to  which  I  would  refer  all  the  glacial  accumulations  of  the 
Scottifili  highlands.  Seables  V.  Wood,  Jun. 
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GLACIATION  OP  THE  LAKE-DISTRICT. 

So, — ^In  your  last  number  Mr.  Mackintosh,  in  his  reply  to  the 
]f^krs  of  my  colleague,  Mr.  WoUaston,  and  myself,  states,  with 
nferenoe  to  my  letter  in  your  number  for  last  December,  that  any 
want  of  theoretical  agreement  between  us  consists  to  a  great  extent 
in  the  application  of  terms.  He  also  says  that  I  have  not  substan- 
tiated any  charge  of  inaccuracy  of  observation  in  his  paper  pub- 
liahed  in  your  number  for  last  October.  Mr.  Mackintosh  there 
itated  that  in  the  valley  of  Eentmere  ''no  traces  of  moraines,  ex- 
cept perched  and  scattered  blocks,  are  to  be  found." 

In  my  letter  I  stated  my  belief  that ''  the  old  lake,  represented  by 
the  alluvium  of  Kentmere,  originated  partly  from  damming  by  a 
moraine ;"  and  I  also  pointed  out  the  occurrence  of  scratched  stones 
in  tkifl  valley.  The  want  of  theoretical  agreement  indicated  by  these 
two  passages  does  not  seem  to  hinge  upon  any  different ''  application 
of  terms." 

Mr.  Mackintosh  calls  the  mounds  which  occur  in  the  Eentmere 
valley  "  an  upland  extension  of  the  boulder-drift  of  the  plains." 
On  this  I  make  no  comment.     Boulders  do  occur  in  the  valley,  to- 
gether with  large  numbers  of  scattered  blocks,  the  latter  derived 
from  the  immediate  vicinity.     I  still,  however,  retain  my  belief  that 
these  mounds  are  the  remains  of  moraines.     The  position  of  the 
moonds,  the  scratched  stones,  the  alluvial  flat,  and  the  gravels  at  the 
mouth  of  the  valley,  all  tend  to  confirm  me  in  this  belief.     I  do  not 
hold  the  view  about  the  two  groat  valley-ignoring  ice-streams  at 
(liferent  periods,  with  which  Mr.  Mackintosh  credits  me.     I  believe 
the  striae  transverse  to  the  axes  of  the  valleys  were  made  when  the 
ice  was  disappearing  from  the  low  ground,  and  that  the  ice  on  the 
fells,  being  no  longer  forced  to  pass  in  the  direction  of  valley  axes  by 
adjacent  valleys  full  of  ice,  simply  gravitated  towards  the  lower 
ground,  probably  obliterating  in  its  passage  much  previously  formed 
striation,  and  leaving  in  its  stead  these  later  finishing  touches,  in  the 
same  way  that  a  few  strokes  of  a  file  will  obliterate  previous  file 
marks  made  in  a  contrary  direction. 

If  Mr.  Mackintosh  does  not  believe  in  the  existence  of  moraine 
stones  on  the  fells  in  the  neighbourhood  of  Skeggles  Water — What 
then  are  the  scratched  stones  which  are  so  numerous  there  ?  Tliey  in 
every  respect  resemble  ordinary  moraine  stones,  and  I  feel  bound  to 
regard  them  as  such  until  their  markings  can  be  satisfactorily  ac- 
counted for  by  some  otlior  hypothesis.  In  conclusion,  I  may  add  that 
it  has  not  been  my  intention  to  look  for  faults  in  Mr.  Mackintosh's 
paper,  but  simply  to  uphold  my  ol)8ervation8  when  the  statements  of 
Hr.  Mackintosh  seemed  to  contradict  or  ignore  them ;  and  I  trust 
that  his  researches  among  the  northern  clifls  may  lead  him  to  useful 
and  interesting  results. 

Fbank  Rutley. 

H.  M.  Gbolooical  Subyet, 
January  14, 1871. 
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MB.  CROLL  ON  THE  DISPERSION  OF  BOULDERS. 

Sir, — ^It  is  with  reluctance  that  I  craTe  space  for  a  few  remaiis  on  Mr.  Croiri 
article,  but  I  think  it  desirable  that  some  of  the  difficulties  with  which  his  theoiy 
seems  to  be  beset  should  be  stated  without  unnecessary  delay. 

J)ifficultie»  cotimeted  with  Fhytical  Geography. — ^The  ground  W.S.W.  of  Wasdile 
Crag  does  not  ri^e  to  a  sufficient  height  to  have  enablwl  it  to  generate  or  g;iTe  a 
direction  to  an  ice-stream  capable  of  carrying  blocks  from  Was£ile  Crag  over  the 
Pennine  chain.  In  the  case  of  an  ice-stream  availing  the  Lake  District  from  an 
external  souree,  the  questions  arise — How  was  it  propelled  across  the  ridges  and  Talleji 
intervening  between  the  Irish  Sea  ami  Wasdalc  Crag?  AMiere  was  the  originating 
high  ground  situated  ?  Or,  if  the  stream  came  from  a  Polar  ice-cap  in  a  southedy 
direction,  bow  was  it  diverted  towards  the  E.N.E.  ?  These  difficulties  Mr.  Crull  may 
be  able  to  explain,  but  I  cannot  see  how  his  theory  can  be  reconciled  with  the  follow- 
ing facts. 

Prevailing  Direction  of  Giaeiation. — As  Mr.  Croll  surmises,  many  instances  of 
glaciated  rock-surfaces  showing  the  pnssage  of  ice  across  the  N.  of  England  in  an 
E.X.E.  direction  may  possibly  yet  bu  found  at  high  levels,  but  the  fact  ought  not  to 
be  overlooked  that  most  of  the  high-level  instances  hitherto  discovered  do  not  trend 
in  the  above  direction,  but  nearly  at  right  angles  to  it,  or  in  approximately  opposite 
directions  (instances — Gaythom  Tileworks,  K.  and  S. ;  watershed  between  Kenimere 
and  I^ng  Sleddalc,  N.  and  S. ; '  many  roches  moutonnirt  nortii-east  of  Windermere, 
glaciated  from  X.N.W. ;  Coniston  Old  Man,  near  Copper  Works,  N.  and  N.N.W. ; 
south  of  Pudding  Cove,  nearly  N. ;  entrance  of  Low  Water  Cwm,  glaciated  from  be- 
tween £.  and  N.£.,  at  a  height  of  nearly  2,000  feet  above  the  sea).  At  lower  levelsi 
between  Xentmcre  and  the  Irish  Sea,  the  glaciation  in  nearly  every  instance  I  have 
yet  seen  ha8  come  from  points  of  the  compass  between  N.  and  N.W.  (see  article^ 
Gf.ol.  M  ao.  for  OctoWr,  1870) ;  in  a  very  few  instances /rom  between  N.  and  E.N.E., 
rather  than  towards  these  points  What  seems  to  be  the  original  glaciation,  indicated 
by  small  parallel  undulations,  has  generally  come  from  between  N.  and  N.N.W., 
instead  of  trending  in  the  direction  of  Mr.  Croll's  supposed  ice-sheet. 

JJireetion  of  JJri/t^earriage.  —  Metvecn  Wasdole  Crag  and  the  Pennine  chain,  the 
direction  in  which  the  drift  has  been  carried  varies  from  N.  round  by  £.  to  S.,  though 
the  part  of  the  drift  which  found  its  way  over  Stainmoor  travelled  £.X.£.  Between 
Wasdale  Orajj  and  the  Irish  Sea,  the  direction  is  generally  from  N.  to  S.,  or  from  points 
between  N.W.  and  N.E.  In  many  instances  the  drift-carriage  has  crossed  the  stris  at 
great^-r  or  less  angles.  The  Eskdale  granitic  drift,  in  a  matnx  of  Boulder-clay,  crosses 
the  niubt  splendid  .specimen  of  glaciated  rock-surface  I  have  yet  anywhere  seen.  On  the 
coast  adjacent  to  Blockcombe,  the  granite,  from  the  N.,  is  found  in  the  three  drifts  (lower 
Boulder-clay,  middle  sand,  and  upper  Boulder-clay),  and  these  three  drifts  would  appear 
to  represent  the  main  part  of  the  glacial  period  in  the  Lake  District,  so  as  to  render 
it  highly  iniprobablc  that  any  land  ice-stream  from  the  Irish  Sea  could  ever  have 
flowed  E.N.E  to  Wasdale  Crag.  On  the  supposition  that  the  Eskdale  drift,  and  the 
nearly  parallel  Crilfell  drift,'*  were  carritKi  hv  a  stream  of  land-ice,  the  channel  of  the 
Irish  ^^ea  must  have  been  partly  or  wholly  filled  up  to  a  great  height  by  this  stream, 
as  Mr.  Eccleston  has  found  blocks  of  Esk'dule-fell  granite  more  than  1,000  feet  above 
the  sea  on  the  west  side  of  Blaekcombe,  and  this  stream  must  have  carried  the  granite 
as  far  south  at  least  as  Bridgenorth  and  Wolverhampton.  On  the  Pennine  hills,  and  in 
the  Yorkshire  valleys,  south  of  the  latitude  of  W'asdafe  Crag,  the  drift-carriage  has  either 
approximat<.'ly  followed  the  valleys,  or  come  chiefly  from  the  N.W.  orN.N.W^*  if  we 
except  chalk-flints,  which  may  possibly  have  come  from  Ireland.  Frazmenta  of 
Wasdale  Crag  granite  arc  found  in  the  brown  Boulder-clay  west  of  Kipon,  and, 
according  to  Mr.  Green,  F.G.S.,  a  boulder  of  this  granite  may  be  seen  at  Boj-ston, 
near  Barnsley. 

CouNtetioti  between  the  Direction  of  Drift-earriage  and  Altitude, — ^Though  the 
Granite  in  the  Wasdale  area  rises  to  a  height  of  about  1,600  feet  above  tho  sea  on 

I  Mr.  Rutlcy  has  found  strioB  near  Skeggles  Water,  nmninfr  nearly  E.  and  W.  (Gbol.  Mao. 
for  Decenibur,  187(»). 

^  Mr.  CroU's  thi;ory,  to  be  satLxfactory,  oug:bt  to  embrace  an  explanation  of  the  dinporsion  of 
Critffll  Kruitito  uk  fur  at  leuKt  us  Cilbiirn  (near  Penrith),  and  nearly  the  whole  way  uphill,  or  in 
opiHiKition  to  iho  draiuuRe  of  the  country. 

•  On  the  north  side  of  Kombald'8  Moor,  however,  Millstono-irnt  has  been  heautifally  smoothed 
pd  atriated  \V.  and  £.  at  a  height  of  about  'JOU  feel  above  the  »ea. 
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itfhmtmd  lepanted  from  Wasdale  Crag  by  a  watenhed,  Wasdale  Crag  for  rather 
WMuIe  hill),  from  which,  I  belicTe,  in<Mt  of  the  boulders  were  dispersea,  is  only 
1,479  feet  aboTe  the  sea-lerel.  An  ice-stream,  such  as  that  supposea  by  Mr.  Croll, 
vitfa  a  lorfiu^  low  enonffh  to  have  receiyed  fallen  blocks  of  granite,  could  scarcely 
haie  been  100  feet  thici  on  Stainmoor  pass.  Could  such  a  thin  layer  of  ice  have 
peniaed  in  moring  oyer  the  pass,  so  as  to  keep  the  ice-stream  on  the  other  side 
BOppHed  with  blocks  ?  and  in  what  way  did  the  eastern  ice-strenm  receive  or  acquire 
t  DoHott  Bufflcient  to  enable  it  to  ignore  not  only  minor  or  subordinate  ridges,  but 
hills  in  E.  Yorkshire  more  than  1,000  feet  in  height  ?  ^  If  we  suppose  Mr.  Croll's 
ieMtream  to  have  pushed  the  blocks  from  Wasdale  Crag  alonje  its  bed  (a  theory 
v^h,  of  the  two,  would  best  accord  vrith  the  fact  that  many  of  the  blocks  are  more 
or  leas  rounded,  and  often  imbedded  in  drift},  the  question  arises,  how  could  the  sup- 
posed ice-stream  have  acquired  a  power  of  snoving  so  many  large  boulders  up  a  steep 
iiope  nearly  1,000  feet  in  vertical  height  ? ' 

hisptniom  m  different  Direeiiotu, — Mr.  Croll  has  justly  remarked  that  ice-strcama 
BUT  have  varied  their  directions  as  their  surfaces  stood  at  different  levels ;  but  a  stream 
of  Lutd-ioe  impinging  on  Wasdale  Crag  at  a  level  which  would  have  given  it  a 
(tirrcrion  towards  Tebay  would  certainly  have  sent  it  along  the  valley  of  the  Lune, 
iiThich  valley  do  blocks  of  granite  have  bfen  found.  No  one,  I  suppose,  would 
pRnime  that  a  local  ice-stream  could  have  flowed  up  this  valley  so  as  to  check  the 
^er  from  Wasdale  Crag.  The  existing  configuration  of  the  nound  is  likewise 
ncoBsistent  vrith  the  idea  of  local  ice-streams  flowing  north  ana  north-east  from 
Waadile  Cra^.  But  the  main  diBSculty  in  the  way  of  accepting  Mr.  CroU's  theory  is 
to  be  fonnd  in  the  fact  that  Wasdulo  Crag  boulders  have  ocen  carried  south  in  the 
diiection  of  Kendal  over  a  pass  traversed  bv  the  Kendal  road,  which  approaches 
Stainmoor  pass  in  altitude.  To  the  north  or  Kendal  they  are  found  in  considerable 
nomben,  imbedded  in  drift  as  well  atf  appearing  at  the  surface.  During  what  stage 
IB  tbe  lowering  of  the  2,000  feet  ice-sheet  were  these  boulders  carried  southwards  ? 

Mr.  Croll  seems  to  think  that  radiating  dispersion  can  be  more  easily  explained  by 
iud-ice  than  by  floating-ice.  That  land-ice  could  have  dispersed  boulders  in 
Tvious  and  often  opposite  directions  from  detached  or  semi-detached  hills  of 
Buxlerate  elevation  appears  to  me  almost  impossible.  The  advantages  possessed  by 
the  floAting  sea-ice  (not  iceberg)  theory,  over  the  land-ice  theory,  consist  in  the  fact, 
that  coast-ice  may  be  dispersed  by  variously-directed  winds  blowing  off  the  land ; 
by  drift-currents  arising  from  these  winds ;  and  by  ebb- tidal  currents.  Through  these 
mediams  it  may  find  its  way  into  the  courses  of  great  tidal  and  other  currents,  and 
tbcsemay  change  their  directions  with  changes  in  the  form  of  the  shore  or  sea- bottom, 
prodoced  by  the  sinking  or  rising  of  the  land,  and  by  denudation. 

D.  Mackintosh. 


THE  BLUE  CLAY  IN  THE  WEST  OF  ENGLAND. 

Sir, — Allow  me  through  your  pages  to  convey  to  Mr.  De  Ranee 
my  sincere  regret  for  having  erroneously  attributed  the  authorship  of 
his  paper  "  On  the  Glacial  Phenomena  of  Lancashire  and  Cheshire," 
to  Prof.  Hull.     I  never  mot  with  the  paper  in  full,  aud  therefore 
avoided  quoting  its  views.     With  regard  to  the  thickness  of  tlie 
blue  clay   near  Llandudno,   the  reference   is   to  a  paper  in  your 
November  number,  by  Mr.  H.  F.  Hall  (not  Mr.  Hull,  as  by  a  mis- 
print it  appears  in  your  correspondent's  letter).     My  imprestsion,  on 
reading  the  statement,  was  that  it  was  excessive,  but  I  would  not 

*  The  land-ice  theory  is  rendered  still  more  improbable  by  the  facts,  that  Wasdale  Ctak  pranite 
hss  found  its  way  as  far  as  the  mouth  of  the  I  lumber ;  that  from  a  narrow  neck  on  stainmoor  it 
has  expanded  over  an  area  forty  mili-s  in  breadth  (from  Kipon  and  York  to  the  sea-coast) ;  and 
that  LiaAsic  drift  from  the  N.  YorkBhirc  hilU  (over  which  the  (n'anite  must  have  paswd)  has 
been  dispersed  over  the  plain  of  York.  Gryphiea  incurva  have  been  found  in  Bouldcr-clay  as 
far  wrt)t  a^  KciKhley. 

«  Blocks  of  Permian  breccia  have  been  moved  up  a  n«M«fhl>ourinff  slope  to  a  vertical  extent  of 
1.000  feet,  and  this,  I  think,  can  be  »ufflcicntly  explained  by  the  protfresaively  upward  movement 
of  coast-ice  daring  a  sabsidence  of  the  land. 
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oppose  a  mere  unsupported  reoollection  to  an  opinion  formed  upon  t 
spot  by,  probably,  a  more  competent  judge.  I  therefore  gave  1 
Hall's  figures,  stating  that  the  thickness  assigned  was  "  unusuaL" 
I  think  these  are  the  only  points  in  Mr.  De  Banoe's  communi< 
tion  requiring  a  reply.  The  rest  of  his  letter  appears  to  refer 
the  paper  regarding  the  authorship  of  which  I  have  made  so  i 
fortunate  a  mistake.  Chajilottk  Eytox. 

BiDDULPU,  CoNOLBTON,  January  6Ui,  1871. 


ON  THE  SUPPOSED  PHOLAS-BORINGS  IN  MILLLER'S  DALE. 

Notwithstanding  the  statement  we  inserted  in  our  last  numi 
(p.  40),  that  Mr.  Bonney  had  submitted  to  us  his  specimen  fin 
Miller's  Dale,  which  is  beyond  doubt  limestone,  and  perforated  in  l 
way  described,  we  have  received  another  letter  from  Mr.  Edwin  Bro" 
on  the  subject.  He  is  still  firm  in  the  belief  that  no  such  borii 
exist  in  the  limestone  where  indicated  in  Mr.  Bonney's  diagram,  a 
he  states  that  the  roadway  in  question  has  been  cut  in  a  bed 
toadstone,  and  at  so  recent  a  date  as  not  to  be  laid  down  in  ' 
Ordnance  Maps.  He  invites  geologists  to  visit  the  spot  and  to  juc 
for  themselves.  We  think  it  will  be  better  not  to  discuss  this  si 
jcct  further.  The  specimen  is  still  in  our  possession,  and  those  ^ 
feel  interested  may  examine  it  at  any  time.  The  locality  desoril 
is  of  course  equally  open  to  those  who  may  have  the  opportunity 
visiting  Miller's  Dale  (see  Mr.  Bonney's  paper,  Gbol.  Mao.,  \ 
Vn.,  1870,  p.  267).— EniT.  Gbol.  Mag. 


A  NEW  LOCALITY  FOR  LEAIA. 

Sir, — At  page  219  of  No.  71  of  the  Geol.  Mag.  are  some  no 
on  the  little  bivalved  Entomostrac^n  Leaia,  and  its  distributi* 
South  Wales  having  then  (May,  1870)  yielded  numerous  individu 
of  tliis  rare  genus  to  the  researches  of  Mr.  Wm.  Adams,  F.G.S. 

Thanks  to  Mr.  C.  W.  Peach,  the  veteran  geologist,  of  Edinbmqj 
I  am  enabled  to  add  another  locality,  and  the  most  northern  ; 
known,  for  this  genus,  as  I  have  had  the  opportunity  of  examini 
an  easily  determined,  though  somewhat  crushed,  pair  of  valves 
a  piece  of  ironstone  from  near  Edinburgh.  They  do  not  offer  a 
new  specific  cliaracters.  Like  the  others  already  met  with  (exce 
ing  a  Lower  Permian  form  from  Neunkirchen,  in  Geirmany),  I 
Peach's  specimen  is  from  the  Carboniferous  formation. 

Mr.  Peach  tells  me  that  "the  clay -ironstone  nodule  contain] 
this  Leaia  is  from  the  Lower  Carboniferous  Shales  6f  Wardie, 
the  Forth,  near  Edinburgh.  The  nodules  from  these  shales  (fl 
tish  in  shape,  with  rounded  outlines)  contain  coprolites,  fishes,  plar 
etc.  The  shales  also  contain  similar  organisms ;  in  fact,  they  \ 
very  rich  indeed,  and  have  been  a  famed  hunting-ground  for  pal 
ontologists.  Agassiz  long  ago  described  six  species  of  fish  fri 
these  beds  ;  and  since  then  others  have  been  discovered.  F 
particulars  may  be  found  in  the  Memoirs  of  the  Geological  Sun 
of  Great  Britain  :  the  Geology  of  Edinburgh ;  Map  82  of  Scotia] 
1661,  pages  30  and  31."  T,  Rupert  Jonbs. 


THE 

GEOLOGICAL    MAGAZINE. 


Ho.  LXXXI.— KABCH,  1871. 


L^On  a  Method  of  Dstebmining  the  Mean  Thickness  of  the 

Sedimentabt  Bocks  of  the  Globe. 

By  Jambb  Croll,  of  the  Geological  Surrey  of  Scotland. 

TTABIOnS  attempts  have  been  made  to  measure  the  positive  length 
Y     of  geological  periods.    Some  geologists  have  sought  to  deter- 
mine, roughly,  the  age  of  the  stratified  rocks  by  calculations  based 
Qpon  their  probable  thickness  and  the  rate  at  which  they  may  have 
been  deposited.    This  method,  however,  is  worthless,  because  the 
ntes  which  have  been  adopted  are  purely  arbitrary.     One  geologist 
win  take  the  rate  of  deposit  at  a  foot  in  a  hundred  years,  while 
another  will  assume  it  to  be  a  foot  in  a  thousand  or  perhaps  ten 
thousand  years ;  and,  for  any  reasons  that  have  been  assigned,  the  one 
Tate  is  just  as  likely  to  be  correct  as  the  other :  for  if  wo  examine 
what  is  taking  place  in  the  ocean  bod  at  the  present  day,  we  shall 
find  in  some  places  a  foot  of  sediment  laid  down  in  a  year,  while  in 
other  places  a  foot  may  not  be  deposited  in  a  thousand  years.     The 
itratified  rocks  were  evidently  formed  at  all  possible  rates.     When 
we  speak  of  the  rate  of  their  formation,  we  must  of  course  refer  to 
Hhe  mean  rate;  and  it  is  perfectly  true  that  if  we  knew  the  thickness 
of  these  rocks  and  the  mean  rate  at  which  they  were  dejjosited,  we 
should  have  a  ready  means  of  determining  their  positive  age.     But 
there  appears  to  be  nearly  as  great  uncertainty  regarding  the  thick- 
0088  of  the  sedimentary  rocks  as  regarding  the  rate  at  which  they 
were  formed.     No  doubt  we  can  roughly  estimate  their  probable 
maximum  thickness ;  for  instance.  Professor  Kamsay  has  found,  from 
actual  measurement,  that  the  sedimentary  formations  of  Great  Britain 
have  a  maximum  thickness  of  upwards  of  72,000  feet;  but  all  such 
measurements  give  us  no  idea  of  their  mean  thickness.     Wliat  is 
the  mean  thickness  of  the  sedimentary  rocks  of  the  globe  ?      On 
this  point  geology  does  not  afford  a  definite  answer.     Whatever  the 
present  mean  thickness  of  the  sedimentary  rocks  of  our  globe  may 
be,  it  must  be  small  in  comparison  to  the  mean  thickness  of  all  the 
sedimentary  rocks  which  have  been  formed.     This  is  obvious  from 
the  fact  that  the  sedimentary  rocks  of  one  ago  are  partly  formed 
from  the  destruction  of  the  sedimentary  rocks  of  former  ages.    From 
the  Laurentian  age  down  to  the  present  day,  the  stratified  rocks 
have  been  undergoing  constant  denudation. 
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Unleas  we  take  into  consideration  the  quantity  of  rock  removed 
during  |)ast  ages  by  denudation,  we  cannot— even  though  we  knew 
the  actual  mean  thickness  of  the  existing  sedimentary  rocks  of  the 
globe  and  the  rate  at  which  they  were  formed — arrive  at  an  estimate 
regarding  the  length  of  time  represented  by  these  rocks.  For  if  we 
are  to  dctennine  the  age  of  the  stratified  rocks  from  the  rate  at 
which  they  were  formed,  we  must  have,  not  the  present  quantity  of 
sedimentary  rocks,  but  the  present  plus  the  quantity  which  has  been 
denuded  during  past  ages.  In  other  words,  we  must  have  the 
absolute  quantity  formed.  In  many  places  the  missing  beds  must 
have  been  of  enormous  thickness.  The  time  represented  by  beds 
which  have  disappeared  is  doubtless,  as  already  remarked,  much 
greater  than  that  represented  by  the  beds  which  now  remain.  The 
greater  mass  of  the  sedimentary  rocks  has  been  formed  out  of 
previously  existing  sedimentary  rocks,  and  these  again  out  of  sedi- 
mentary rocks  still  older.  As  tiie  materials  composing  onr  stratified 
beds  may  have  passed  through  many  cycles  of  destractiou  and 
re-formation,  the  time  rec|uired  to  liave  deposited  at  a  given  rate  the 
present  existing  mass  of  sedimentary  rocks  may  be  but  a  fraction  of 
the  time  required  to  have  deposited  at  the  same  rate  the  total  mass 
that  has  actually  been  formed.  To  measure  the  age  of  the  sedi- 
mentary rocks  by  the  present  existing  rocks,  assumed  to  be  formed 
at  some  given  rate,  even  supposing  the  rate  to  be  correct,  is  a 
method  wholly  fallacious. 

"  nie  aggregate  of  sedimentary  strata  in  the  earth's  crust,"  says 
Sir  Charles  Lyell,  '^  can  never  exceed  in  volume  the  amount  of  solid 
matter  which  has  been  ground  down  and  washed  away  by  rivers, 
waves,  and  currents.  How  vast  then  must  be  the  spaces  which  this 
abstraction  of  matter  has  left  vacant  I  How  far  exceeding  in  dimen- 
sions all  the  valleys,  however  numerous,  and  the  hollows,  however 
vast,  which  we  can  prove  to  have  been  cleared  out  by  aqoeoas 
erosion  I"* 

I  presume  there  are  few  geologists  but  would  admit  that  if  all  the 
rocks  which  have  in  past  ages  been  removed  by  denudation  were 
restored,  the  mean  thickness  of  the  sedimentaiy  rocks  of  the  globe 
would  be  at  least  equal  to  their  present  maximum  thickness,  which  we 
may  take  at  72,000  feet. 

There  are  three  elements  in  the  question;  if  two  of  them  are 
known,  the  third  is  known  in  terms  of  the  other  two.  If  we  have 
the  mean  thickness  of  all  tlie  sedimentary  rocks  which  have  been 
formed  and  the  mean  rate  of  formation,  then  we  have  the  time 
which  elapsed  during  the  formation ;  or,  having  the  thickness  and 
the  time,  we  have  the  rate ;  or,  having  the  rate  and  the  time,  we 
have  the  thickness. 

One  of  these  three,  namely,  the  rate,  can,  however,  be  determined 
with  tolerable  accuracy  if  wo  are  simply  allowed  to  assume — what  is 
very  probable,  as  will  bo  shown — that  the  present  rate  at  which  the 
sedimentary  deposits  are  being  formed  may  be  taken  as  the  mean  rate 
for  past  ages.     If  we  know  the  rate  at  which  the  land  is  being 

*  **  Principles,"  vol.  i.  p.  107  (tcDth  edition). 
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toaded,  then  we  know  with  perfect  accuracy  the  rate  at  which  the 
ledimentaiy  deposits  are  being  formed  in  the  ocean.  Tliis  is 
obvious,  because  all  the  materials  dennded  from  the  land  are 
deposited  in  the  sea;  and  what  is  deposited  in  tlie  sea  is  just  what 
eomes  off  the  land,  with  the  exception  of  the  small  proportion  of 
caloareons  matter  which  may  not  have  been  derived  from  the  land, 
nd  which  in  our  rough  estimate  may  be  left  out  of  account. 

Bat  how  are  we  to  determine  the  rate  of  sub-aerial  denudation  ? 
This  rate  can  be  determined  by  a  method  advanced  a  few  years  a^o.^ 
It  is  this :  the  rate  at  which  the  land  is  being  lowered  by  denudation 
is  measured  by  the  amount  of  sediment  carried  down  to  the  sea  by 
the  river  systems.  The  rate,  for  example,  at  which  the  basin  of  a 
liver  is  beong  denuded  is  determined  with  perfect  accuracy  by  the 
^[oaatity  of  sediment  carried  into  the  sea  by  the  river. 

Unfortunately — except  in  the  case  of  the  Mississippi — ^no  very 
locQiate  determination  has  as  yet  been  made  of  the  quantity  of 
ndiment  carried  down  to  the  ocean  by  rivers.  The  annual  amount 
oonveyed  into  the  ocean  by  the  Mississippi  has  been  accurately 
SMssured  by  Messrs.  Humphreys  and  Abbot  Taking  their  estimate 
of  the  amount  of  sediment  and  area  of  drainage  of  the  Mississippi, 
it  is  found,  by  the  method  above  referred  to,  that  its  basin  is  being 
towered  at  the  rate  of  one  foot  in  6,000  years. 

Sir  Charles  Lyell  has  shown  clearly  that  in  regard  to  the  amount 
of  sediment  carried  down  into  the  sea,  there  is  perha[>H  no  river 
which  may  more  safely  \ye  taken  as  a  fair  representative  of  rivers  in 
general ;  and  in  the  mean  time  we  may  be  warranted  in  taking  one 
£)ot  in  6,000  years  as  representing  the  mean  rate  at  wliich  the  laud 
is  being  abraded. 

Taking  the  proportion  of  land  to  that  of  water  at  676  to  1,390, 
then  one  foot  taken  off  the  land  and  spread  over  the  sea-bottom 
would  form  a  layer  five  inches  thick.  Consequently,  if  one  foot  in 
6,000  years  represents  the  mean  rate  at  which  the  land  is  being 
dennded,  one  foot  in  14,400  years  represents  the  mean  rate  at  which 
the  sedimentary  rocks  are  being  formed. 

Assuming,  as  before,  that  72,000  feet  would  represent  tho  mean 
thickness  of  all  the  sedimentary  rocks  which  have  over  been  fomieil, 
this,  at  the  rate  of  one  foot  in  14,400  years,  gives  1,036,800,000  as 
the  age  of  the  stratified  rocks. 

Professor  Huxley,  in  his  endeavour  to  show  that  100,000,000 
years  is  a  period  sufficiently  long  for  all  the  demands  of  geologists, 
takes  the  tiiickness  of  the  stratified  rocks  at  100,000  feet,  and  the 
rate  of  deposit  at  a  foot  in  1,000  years.  One  foot  of  rock  per 
1,000  years  gives,  it  is  true,  100,000  feet  in  100,000,000  years.  But 
what  about  the  rocks  which  have  disappeared  ?  If  it  takes  a 
hundred  millions  of  years  to  produce  a  mass  of  rock  equal  to  that 
which  now  exists,  how  many  Inmdreds  of  millions  of  years  will  it 
rw^uire  to  produce  a  mass  equal  to  what  has  actually  been  prudiiccd  ? 

1  Philosophical  Ma^Mzine  for  February,  1867,  p.  130,  and  May,  ISOS,  p.  370;  see 
al^  Mr.  Gcikie's  Mt;moir  "On  Modern  Dunudatioii,"  Trans,  of  Glaxijow  (Jcol.  Soc. 
lur  186  S. 
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Professor  Huxley  adds,  '^  I  do  not  know  that  any  one  ia  prepare^ 
to  maintain  that  the  stratified  rocks  may  not  have  been  formed  on  tb^ 
average  at  the  rate  of  -gSj  of  an  inch  per  annum."  When  the  rate,  hoW* 
ever,  is  accurately  detorniiued,  it  is  found  to  be,  not  -^  of  an  inch  per 
annum,  but  only  TTTnr  of  an  inch,  so  that  the  100,000  feet  of  rock 
must  have  taken  1,440,000,000  years  in  its  formation — a  conclnBion 
which,  according  to  the  results  of  modem  physics,  is  wholly  inad* 
missiblo. 

Either  the  thickness  of  the  sedimentary  rocks  has  been  orer- 
cstiuiatcd,  or  the  rate  of  their  formation  has  been  under-estimated, 
or  both.  If  it  be  maintained  that  a  foot  in  14,400  years  is  too  alow 
a  rate  of  deposit,  then  it  must  be  maintained  that  the  land  mast  have 
been  deinnlcd  at  a  greater  rate  than  one  foot  in  6,000  years.  But 
most  geologists,  I  presume,  felt  surprised  when  the  announcement 
was  first  made,  that  at  this  rate  of  denudation  the  whole  existing 
land  of  tlie  globe  would  be  brought  under  the  ocean  in  6,000,000  of 
years. 

The  error  no  doubt  consists  in  over-estimating  the  thickness  of  the 
sodimentaiy  rocks.  Assuming,  for  physical  reasons  stated  on  a  former 
ocxasioii/  that  100,000,000  years  limits  the  age  of  the  stratified  rocksy 
and  tliat  the  proportion  of  land  to  that  of  water  and  the  rate  of 
donudation  to  have  been  on  the  average  the  same  as  at  present,  the 
mean  thickness  of  sedinientaiy  rocks  formed  in  the  100,000,000  years 
amounts  to  only  7,000  feet. 

But  l>e  it  observed  that  tliis  is  the  mean  thickness  on  an  area 
equal  to  that  of  the  ocean.  Over  the  area  of  the  globe  it  amounts 
to  only  5,000  feet;  and  this,  let  it  be  observed  also,  is  the  total  mean 
thickness  formed,  without  taking  into  account  what  has  been  removed 
by  denudation.  If  we  want  to  ascertain  what  is  actually  the  present 
mean  thickness,  we  must  deduct  from  this  5,000  feet  an  amount  of 
rock  eiiual  to  all  the  sedimentary  rocks  which  have  been  denuded 
during  the  100,000,000  years;  for  the  6,000  feet  is  not  the  present 
mean  thickness,  but  the  total  mean  thickness  formed  during  the 
whole  of  the  100,000,000  years.  If  we  assume,  what  no  doubt 
most  geologists  would  bo  willing  to  grant,  that  the  quantity  of  sedi- 
mentary rocks  now  remauiing  is  not  over  one-half  of  what  has  been 
actually  deposited  during  the  history  of  the  globe,  then  the  actual  mean 
thickness  <.)f  the  stratified  rocks  of  the  globe  is  not  over  2,500  feet. 
This  startling  result  would  almost  necessitate  us  to  suspect  that  the 
rate  of  sub-aerial  denudation  is  probably  greater  than  one  foot  in 
6,000  years.  But  bo  this  as  it  may,  we  are  apt,  in  estimating  the 
mean  thickness  of  the  stratified  rocks  of  the  globe,  from  their 
ascertained  maximum  thickness,  to  arrive  at  erroneous  con- 
clusions. There  are  considerations  which  show  that  the  mean 
thickness  of  these  rocks  must  be  small  in  proportion  to  their  maxi- 
mum thickness.  The  stratified  rocks  are  formed  from  the  sediment 
carried  down  by  rivers  and  streamlets  and  deposited  in  the  sea. 
It  is  obvious  that  the  greater  quantity  of  this  sediment  is  deposited 

1  Phil.  Mag.  for  May,  1868,  p.  371. 
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neir  the  months  of  riyers  and  along  a  narrow  margin  extending  to 
no  great  distance  from  the  land.  Did  the  land  coudist  of  numerous 
small  islands  equally  distributed  over  the  globe,  the  fiediment  carried 
off  from  these  islands  would  be  spread  pretty  equally  'over  the  sea- 
bottom.  But  the  greater  part  of  the  land-surface  conpists  of  two 
immense  continents.  Consequently  tlie  materials  romove<d-'by  de- 
nudation are  not  spread  over  the  ocean-bottom,  but  on  a  iiarrow 
fringe  surrounding  those  two  continents.  Were  the  materials  spiead 
over  the  entire  ocean -bed,  a  foot  removed  off  the  general  sumce  of 
flw  land  would  form  a  layer  of  rock  only  five  inches  thick.  But'  in* 
the  way  in  which  the  materials  are  at  present  dc}K)sited.  the  foot 
removed  from  the  land  would  form  a  layer  of  rock  many  feet  In 
fliickness.  The  greater  part  of  the  sediment  is  deposited  within  a 
few  miles  of  the  shore. 

The  entire  ooast^line  of  the  globe  is  about  116.500  miles.      I 

ihodd  think  that  the  quantity  of  sediment  deposited  beyond,  say.  a 

hmidred  miles  from  this  coast-line  is  not  very  great.      No  doubt 

Kveral  of  the  large  rivers  carry  sediment  to  a  much  greater  distance 

frna  their  mouths  than  a  hundi-ed  miles,  and  ocean  currents  may  in 

some  cases  cany  mud  and  other  materials  also  to  great  distances. 

Bot  it  must  be  borne  in  mind  that  at  many  places  within  the 

bondred  miles  of  this  immense  coast-line  little  or  no  se^liment  is 

deposited,  so  that  the  actual  area  over  which  the  sediment  carried  off 

the  land  is  deposited  is  probably  not  greater  than  the  area  of  this  belt 

—116,500  miles  long  and  100  miles  broad.     This  area  on  which  the 

sediment  is  deposited,  on  the  above  supposition,  is  therefore  equal  to 

about  11,660,000  square  miles.     The  amount  of  land  on  the  globe 

is  about  57,600,000  square  miles.     Consequently  one  foot  of  rock, 

denuded  from  the  surface  of  the  land  and  deposited  on  this  IkjU,  would 

make  a  stratimi  of  rock  five  feet  in  thickness ;  but  were  the  sediment 

spread  over  the  entire  bed  of  the  ocean,  it  would  form,  as  has  already 

been  stated,  a  stratum  of  rock  of  only  five  inches  in  thickness. 

Suppose  that  no  subsidence  of  the  land  should  take  place  for  a 
period  of,  say,  three  millions  of  years.  During  that  period  500  feet 
would  be  removed  by  denudation,  on  an  average,  off  the  land. 
This  would  make  a  formation  2,500  feet  thick,  which  some  future 
geologist  might  call  the  Post-Tertiary  foi*mation.  But  this,  be  it 
observed,  would  be  only  the  mean  thickness  of  the  formation ;  its 
maximum  thickness  would  evidently  be  much  greater,  perhaps 
twice,  thrice,  or  even  four  times  that  thickness.  A  geologist  in 
the  future  measuring  the  actual  thickness  of  the  formation  might 
find  it  in  some  places  10,000  feet  in  thickness  or  perhaps  far  more. 
But  had  the  materials  been  spread  over  the  entire  ocean  bed,  the 
formation  would  have  a  mean  thickness  of  little  more  than  200  feet; 
and  spread  over  the  entire  surface  of  the  globe,  would  form  a  stratum 
of  scarcely  150  feet  in  thickness.  Therefore,  in  estimating  the 
mean  tliickness  of  the  stratified  rocks  of  the  globe,  a  formation  with 
a  maximum  thickness  of  10,000  feet  may  not  represent  more  than 
150  feet  A  formation  with  a  mean  thickness  of  10,000  feet  repre- 
sents only  600  feet 
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It  may  be  object^l  that  in  taking  the  present  late  at  which  the 

seilinientary  deposits  are  being  formed  as  the  mean  rate  for  all  ages, 

wo  probably -under-cstimate  the  total  amount  of  rock  formed,  because 

during  the'nuoiy  Glacial  periods  which  must  have  occurred  in  past 

ages  the;  amount  of  materials  ground  off  the  rocky  surface  of  the 

land  iu'i^  j^iven  period  would  be  far  greater  than  at  present.     But  in 

reply  iti  juust  be  remembered  that  although  the  destruction  in  ioe- 

coTe/;ed  regions  would  be  greater  during  these  periods  than  at 

preseiii,  yet  the  quantity  of  materials  carried  down  by  rivers  into 

jrk^''8ea  would  be  less  than  at  present      At  the  present  day  the 

/.grMter  ])art  of  the  materials  carried  down  by  our  rivers  is  not 

'•*^mt  is  being  removed  off  the  rocky  face  of  the  country,  but  the 

V  • .  J3oulder-cIay.  sand,  and  other  materials  which  were   ground  off 

/.,  '.'  during  tbo  Glaciid  epoch.     It  is  therefore  possible,  on  this  account, 

,''*•'      that  the  rate  of  deposit  may  have  been  less  during  the  Glacial  epoch 

tliaii  at  present 

When  any  particular  formation  is  wanting  in  a  given  area,  the 
inference  generally  drawn  is,  that  either  the  formation  has  been 
denuded  off  the  area,  or  the  area  was  a  land-surface  during  the 
period  when  that  formation  was  being  deposited.  From  the  fore- 
going  it  will  bo  seen  that  this  inference  is  not  legitimate;  for, 
supposing  that  ihe  area  had  been  under  water,  the  chances  that 
materials  should  have  been  deposited  on  that  area  are  far  less  than 
are  the  chances  that  there  should  not.  There  are  sixteen  cJianoes 
against  one  that  no  formation  ever  existed  in  the  area. 


II. — On  Euphoberia  Brown ii,  H.  Woodw.,  a  New  Species  of 
Mybiapod  from  the  Goal-measubes  of  the  West  of  SooTiiANO. 

By  Henry  Woodward,  P.G.S.,  F.Z.S., 

of  the  British  Museum. 

(PLATE  III.,  Fig.  6.) 

I  HAD  tho  honour  in  1866  *  to  describe  the  first  specimen  of  a 
fossil  Myriapod  from  tho  Coal-moasures  met  with  in  this 
country.  It  was  discovered  by  the  late  Mr.  Thomas  Brown,  of 
( ilasgow,  an  indefatigable  geologist  and  an  ardent  collector  of  fossils, 
who  obtained  it  in  a  nodule  of  Clay-ironstone  from  Eilmaurs. 

I  dctennined  it  to  be  identical  with  tho  Xijlohius  sigRlariiS^ 
described  by  Dr.  Dawson  from  the  South  Joggins  Coal-formation  of 
Nova  Scotia.^ 

Other  remains  of  Xylohtm  have  also  been  obtained  in  Clay-iron- 
etone-nodules,  from  the  Coal-measures  near  Huddersfield,  by  Mr. 
Joseph  Tindall  of  that  town,  wliieh  wero  referred  by  me  to  the  same 
species,  and  figured  in  the  plate  with  the  Kilmaurs  example. 

Having  been  in  1869  entrusted  by  my  friend  Mr.  James  Armstrong, 
at  that  time  the  Honorary  Secretary  of  the  Glasgow  Geologi(»l 
Society,  with  anotiier  and  much  larger  form  of  Myriapod   from 

^  Trim.  Glasgow  Oool.  Soc.,  1SS6,  toI.  ii.  p.  234,  pi.  iii. 
2  Quart.  Journ.  Geol.  Soc.,  Load.,  1859,  Yol.  xtl,  p.  268. 
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KilfflaiiTS  (also  oolleoted  by  tho  late  Mr.  Thomas  Brown)  ^  I  pro- 
pose now  to  describe  and  figure  it. 

The  specimen  (figured  of  the  natural  size  in  Plate  III.,  Fig.  G), 
prefiorved  in  the  round,  is  four  inches  in  length,  and  nearly  a  (quarter 
of  an  inch  in  breadth,  is  contained  in  an  Ironstone-nodule  (like  those 
prerionsly  discovered),  both  sides  of  which  are  well  presel•^x^d. 
llirty-six  raised  body  rings,  separated  by  an  equal  number  of  iu- 
termediato  depressions,  can  be  counted  between  the  head  and  the 
last  segment,  each  ring  having  two  pail's  of  appendages.  There  are 
indications  of  pores,  and  also  of  the  bases  of  tubercles  or  spines, 
along  the  dorsal  line,  but  the  latter  are  less  perfectly  preserved. 

In  their  great  work  on  the  Geological  Survey  of  Illinois,  18G8, 
ToL  iiL,  p.  550,  figs,  a-d,  etc.,  Messrs.  Meek  and  AVorthen  have 
deacribed  and  figured  two  new  forms  of  Myriapod  under  the  generic 
name  of  Euphoberta,  namely,  E.  armigcra,  and  E,  ?  major. 

The  former  of  these,  which  equals  in  size  tlie  Kilmaurs  specimen, 
we  reproduce  in  the  accompanying  Plate  III.,  Fig.  7. 

From  Messrs.  Meek  and  Woithen^s  description  of  E,  armigera  we 
extract  the  following  (p.  557) : — "  From  all  its  cluiractcrs,  we  can 
scarcely  doubt  that  it  is  a  Myriapod.  One  of  these  more  complete 
ipecimens  seems  to  be  nearly  entire,  and  shows  a  semicircular  liead, 
M  wide  as  any  part  of  the  long  slender  body.  It  is  not  in  a  con- 
dition to  show  the  eyes,  nor  are  any  remains  of  nianiliblos,  antenna;, 
or  other  appendages  preserved.  The  entire  length  of  this  specimen 
is  3-90  inches,  and  its  breadth  about  0-20  inches.  It  tapers  very 
little  from  the  anterior  to  the  posterior  end,  which  seems  to  termi- 
nate rather  abruptly.  In  the  whole  length,  as  many  as  about 
seventy-five  or  seventy-six  segments  may  bo  ct^unted.  But  it  is 
worthy  of  note  that  there  are  only  half  this  number  on  tho  dorsal 
side,  where  each  one  corresponds  to  two  below.  As  seen  in  a  nUo 
view  (the  specimens  being  flattened  by  pressure),  the  downward 
curved  ends  of  the  dorsal  scutes,  or  dorsal  half  of  the  segments, 
are  apparently  more  or  less  rounded,  while  each  of  these  pieces 
snpjwrts  tliree  or  four  small  pointed  spines,  curved  a  little  back- 
ward, and  arranged  so  as  to  fonn  as  many  rows  along  the  back  of 
the  animal.  Some  of  these  spines  are  seen  to  give  oflF  a  small,  very 
short,  branch,  generally  on  the  anterior  side. 

*'  On  the  under  side  of  tho  l)ody  there  are,  as  alretuly  explained, 
two  segments  to  each  of  tho  dorsal  scutes,  and  these  segments,  of 
course,  are  scarcely  half  the  size  of  tliose  above,  though  each  bears 
a  pair  of  small  slender-jointed  legs,  about  0*25  inch  in  length,  in  the 
specimen  nearly  four  inches  long,  of  the  typical  species  E.  armigera. 
So  fur  as  can  be  made  out,  these  legs  show  at  least  five  gradually 
tapering  joints.  In  some  of  the  specimens,  the  smaller  lower 
segments  show  some  appearances  of  openings,  like  spiraclos. 

"  Tliese,  liowever,  appear  to  exist  in  each  one  of  tho  lower  i>ai*ts  of 
each  segment  A  still  larger  and  more  rounded  opening  or  pit,  is 
also  seen  just  below  each  of  the  latter,  and  may  be  tho  jwint  of 
attachment  of  die  legs.  In  the  specimens  represented,  it  will  be 
obaerved  there  are  also  round  pits  or  perforations  in  the  larger 
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dorsal  scutes.  These  are  cavities  left  in  the  matrix  by  spineB.  I 
order  to  understand  this,  however,  it  is  necessary  to  bear  in  min 
that  the  specimens  are  altogether  mere  impressions  left  in  the  matrii 
On  comparing  the  figures,  it  will  be  observed  that  there  are  more  c 
these  pits  in  one  than  in  the  other,  besides  other  differences  that  migli 
seem  to  indicate  that  they  belong  to  very  different  species,  Thes 
differences,  however,  we  are  rather  inclined  to  believe  due  to  th 
different  manner  in  which  the  specimens  have  been  crushed,  an 
the  fact  that  the  specimen  figured  is  pressed  nearly  flat,  while  th 
other  retained  more  of  its  natural  convexity,  and  likewise  show 
more  of  the  dorsal  side  and  less  of  the  smaller  ventral  segments. 

''Under  a  magnifier,  the  surface  of  all  the  specimens  shows 
minutely  granular  appearance.     As  these  granules  are  seen  on  th 
surface  of  moulds  or  impressions  left  in  the  matrix,  they  indicate  th 
presence  of  a  minutely  pitted  marking  on  the  fossil  itself. 

''  Locality  and  position :  Lower  part  of  true  Coal-measures,  Mazo 
creek,  Grundy  county,  Ulinois,  United  States,  North  America." 

The  indications  of  dorsal  spines  observable  both  on  the  America 
and  Scotch  specimens  (a  character  not  known  in  any  existin 
Myriapod),  together  with  their  equally  large  size,  agreeing  as  the 
also  do  closely  in  the  number  of  their  segments ;  they  may,  wit 
propriety,  bo  referred  to  the  same  genus. 

But  as  the  dorsal  scutes  observed  in  the  Illinois  examples  appea 
to  bo  absent  in  the  Kilmaurs  example,  the  segments  of  which  ai 
more  strongly  corrugated  than  are  those  of  its  American  congener, : 
will  perhaps  be  better  to  give  it  a  distinctive  specific  appellation. 

I  therefore  propose  to  name  this  fine  English  Myriapod  Euphoheri 
Brownii,  after  its  discoverer,  the  late  Mr.  Thomas  Brown,  whos 
indefatigable  labours  in  seeking  fossils  in  these  deposits  deserves  t 
bo  had  in  remembrance. 

EXPLANATION  OF  FIGS.  6  and  7,  PLATE  III. 

Fio.  G.  Euphobena  Broumii,  H.  Woodw.,  in  an  Iroustonc-nodule  from  the  Coa 
measures,  Kilmaurs,  near  Glasgow  (figured  of  the  natural  size). 

6a.  Four  of  the  segments  enlarged,  showing  the  hases  of  the  dorsal  spines  an 
the  feet 

65.  One  of  the  feet  much  enlarged. 

7.  Euphoberia  armigera^  Meek  and  Worthen,  natural  size.  Ironstone ;  Coa 
measures;  Grundy  Co.,  Illinois,  U.S. 


in. — On  some  new  Phyllopodous  Crustaceans  fsou  the 

Pak£ozoio  Books. 

By  Henry  Woodward,  F.G.S.,  F.Z.S. 
(PLATE  III.,  Figs.  1-5.) 

1.  Ccratioearis  Ludensis,  H.  Woodw.,  Plate  III.,  Fig.  3  (J  nat.  size] 

DUEING  last  summer  I  visited  the  interesting  and  anoient  tow 
of  Ludlow,  where,  under  the  guidance  of  Mr.  Eobert  Lighl 
body,  F.6.S.,  I  had  the  opportunity  of  seeing  the  admirable  Publi 
Museum,  belonging  to  the  Ludlow  Natural  History  Society,  an 
also  the  rich  private  collection  of  Mr.  Lightbody  and  that  of  Mi 
Bumphrey  Salwey.    In  the  Society's  Museum,  my  attention  wa 


n 
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dnecied  by  Mr.  Lightbody  to  a  tmly  remarkable  fossil  from  the 
ooDeotion  of  Mr.  Henry  Pardee,  and  obtained  by  him  from  the 
•Lower  Lndlow,  Chiuch  Hill,  Leintwardine.     It  consists  of  seven 
bodjr-segments  and  three  caudal  spines,  of  the  largest  example  of 
CeraHocaris  I  have  ever  seen ;  exceeding  in  size  the  €L  Bohemictu  of 
Bamuide,  or  (X  Murckisoni  from  the  Upper  Ludlow  Bock,  Ludlow 
and  Wenlock  Shale,  Dudley,  figured  and  described  by  me  in  the 
GioLooiOAL  Maoazinb,  1866,  Vol.  TIL,  PL  X.,  Fig.  8,  pp.  203-205. 
Thd  figure  (taken  from  a  sketch  made  at  the  time)  given  on  Plate  III., 
1%.  3,  being  only  one-third  the  size  of  the  fossil,  convoys  but  a  very 
inadequate  idea  of  this  interesting  Crustacean  remain.     The  seven 
body  s^ments  together  measure  eight  and  a  half  inches  in  length, 
and  nearly  two  inches  in  breadth ;    they  are  nearly  quadrangular, 
and  are  covered  with  fine  and  delicate  parallel  slightly  waved  strias. 
T^  first  segment  is  three-quarters  of  an  inch  long ;  the  second,  half 
an  mch ;  the  third,  three-quarters  of  an  inch ;  the  fourth,  fifth,  and 
sixth,  one  inch  each  in  length;   and  the  seventh,  two  and  liiree- 
qoarter  inches  long.     Their  articular  faces  do  not  overlap,  and  are 
nearly  straight,  save  the  sixth,  which  has  a  small  rounded  articular 
piooess  fitting  into  a  corresponding  depression  in  the  seventh  seg- 
ment, which  at  its  distal  extremity  is  also  furnished  with  an  articular 
process,  to  which  the  tail-spines  are  united.     The  tail-spines  are  not 
pitted,  but  are  very  robust,  and  are  six  and  a  half  to  seven  inches  in 
length,  and  nearly  half  an  inch  broad  at  their  proximal  end.   Unfor- 
tunately, the  carapace  of  this  giant  Phyllopod  is  wanting ;  but  taking 
the  comparative  proportions  of  C.  papilio  from  Lesmahagow  as  our 
guide,  it  could  not  have  measured  less  than  eight  inches  in  length, 
^  four  and  a  half  inches  in  breadth. 
I  propose  to  name  this  new  species  Geratiocaris  Ludensis. 

2.  Cerattocaris  OretonenstB,  H.  Woodw.,  Plate  HI.  Fig.  l(nat.  size). 
Among  the  large  series  of  fossils  acquired  by  the  British  Museum 
from  the  collection  of  the  late  Mr.  Edward  Baugh,  of  Bowdley,  are 
two  new  forms  of  Cerattocaris,  which  were  obtained  from  the 
Yellow  Carboniferous  Limestone  of  Oreton  and  Farlow,  Worcester- 
Aire.     (See  Plate  III.,  Figs.  1  and  2,  figured  of  the  natural  size). 

They  agree  closely  in  form  with  certain  Upper  Silurian  species 
found  at  Benson's  Knot,  Westmoreland;  but  are  destitute  of  the 
beautiful  and  delicate  striated  ornamentation  observable  upon  the 
carapaces  of  those  species. 

The  larger  form  (Plate  III.,  Fig.  1)  measures  two  inches  in  length 
by  seven-eighths  of  an  inch  in  depth ;  the  dorsal  line  is  nearly 
Bbaight,  the  anterior  end  is  rounded,  the  posterior  slightly  produced 
and  truncated;  the  ventral  margin  is  rounded,  and  has  a  slightly 
raised  border  for  about  throe-fourths  of  its  length ;  the  valves  of  the 
carapace  are  tumid,  and  when  perfect  appear  to  have  been  smooth 
and  free  from  ornamentation,  like  the  valves  of  Leperditia :  the  eye- 
spot  is  not  very  distinct,  but  forms  a  slightly  raised  prominence  near 
the  anterior  end  of  the  carapace.  I  propose  to  name  this  now  and 
large  Carboniferous  Bpecies  Geratiocaris  Oretoneimz. 
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3.  Ceratiocaris  truncaius,  11.  Woodw.,  Plate  III.,  Fig.  2  (nat  size). 
The  secoud  and  smaller  form  (Plato  III.,  Fig.  2)  measures  fourteen 

lines  In  length  and  seven  lines  in  depth  ;  the  dorsal  line  is  straight ; 
tlie  anterior  end  is  truncated  at  its  extremity,  and  the  ventral 
margin  is  strongly  curved  and  terminates  in  an  obliquely -truncated 
posteritjr  bonier  (not  well  shown  in  the  figure,  which  conveys  the 
idea  of  a  broken  edge).  No  eye-spot  or  ornamentation  has  been 
observed  in  this  si)ecic8.  Tlie  valves  are  tumid,  particularly  at  the 
anterior  end.     I  propose  to  name  this  species  Ceratiocaris  truncaius, 

4.  Dithjrocaris  tennisinalus,  M'Coy,  PI.  III.,  Fig.  4  (nat.  size). 
Some  time  since  the  British  Museum  acquired  from  Mr.  J.  H. 

liurrow,  formerly  of  Settle,  Yorkshire,  a  small  series  of  Carboniferous 
limestone  fossils,  among  which  is  the  valve  of  DUkyrocariSf  figured 
on  Plate  111.,  Fig.  4,  of  the  natural  size. 

It  agrees  closely  if  it  is  not  identical  with  the  Dithyrocaris  tenm- 
atriattiH  of  M'Coy  (see  Synopsis  Carboniferous  Fossils  of  Ireland, 
Dublin,  1844,  4to.  p.  104,  pi.  23,  fig.  3),  but  it  is  one  tliird  larger. 
It  is  probably  also  the  same  as  Prof,  de  Koninck's  Avictda  paradoxidet 
(see  De  Koninck*s  Description  des  Animaux  Fossiles,  etc.  Liege, 
1842,  4to.,  pi.  vi.,  fig.  6,  p.  130). 

The  valve  measures  1  inch  and  5  lines  in  length,  and  half  an 
inch  ill  1)rea<ltli ;  it  is  broadest  at  the  anterior  end,  contracting  slightly 
towards  the  posterior  border,  which  appears  to  terminate  in  an 
ol)tUM'  eentral  point.  The  border  of  the  carax)ace,  for  a  breadth  of 
thri'o  lines,  is  st*i)a rated  from  the  median  portion  by  a  strongly-raised 
kool,  wliicli  follows  the  contour  of  the  margin,  dying  out  at  the  in- 
terior and  i)ost<;rior  ends  of  the  valve.  Near  the  anterior  end,  this 
keel  intprseuts  the  eye,  which  forms  a  raised  narrow  ridge  one  line 
in  li.'Hi^fli.  nearly  parallel  witli  tlie  mesial  line,  and  about  2  lines 
distant  Irom  it.  Another  less  prominent  ridge  runs  nearly  parallel 
with  tlio  mesial  lino  oceuiiying  a  space  intermediate  between  it  and 
the  cheek-border,  Init  nearer  tlio  former. 

AVlien  examined  with  a  liigh  power,  in  a  good  light,  the  surface, 
especially  the  l>order,  is  seen  to  l>e  covered  with  very  fine  wavy  striae. 

Jt  is  exceedingly  <lifliciilt  to  decide  whether  this  form  had  its  valves 
ex]iandc(l  wi«lely,  as  in  the  recent  Apus,  and  probably  in  the  fossil 
Dithijrocaris  Scolder i ;  or  whether,  as  in  Nehalia  and  Ceratiocaris, 
they  were  folded  down  u])on  the  sides  of  the  animal's  body.  The 
distinct it)n  seems  an  important  one,  but  the  frequent  occurrence  of 
the  united  (expanded  valves  of  Ceratiocaris  in  the  Upi>er  Silurian 
Slmles  of  Lesmahagow,  often  renders  it  dilTicult  to  decide  as  to  the 
actual  and  nonnal  degree  of  expansion  or  folding  down  of  the  lateral 
borders  of  these  crustacean  shields  during  tlio  lifetime  of  the  animal. 

5.  Diihyrocaris  Belli,  11.  Woodw.,  Plato  III.,  Fig.  5  (nat.  size). 
Amongst  a  series  of  Crustacean  remains,  frofti  the  collection  of 

Prof.  Ijell,  of  Ciinada.  obtained  in  the  Middle  Devonian  of  Graspe, 
and  left  with  mo  for  examination  by  tlie  kindness  of  Principal 
Dawson^  F.B.S.^  of  McGill's  College,  Montreal,  is  the  portion  of 
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a  valve  of  Dithyroearis  f  most  beautifully  sculptured,  wliicb  we  have 
figured  on  Plate  III.,  Fig.  5,  of  the  natural  size.    The  speoimen  is 
eleven  lines  in  breadth,  and  probably  measured,  when  entire,  nearly 
two  inches  in  length.      The  dorsal  border  is  rounded  in  a  coire- 
■ponding  degree  with  the  ventral  border ;  a  small  rostrum  is  observ- 
able at  the  anterior  end,  from  which  two  prominent  rid^s  also  take 
their  rise  and  pass  over  the  side,  one  arching  towards  the  dorsal,  the 
other  bending  towards  the  ventral  line,  but  uniting  again  on  the 
centre  of  the  valve  at  one  inch  from  the  anterior  end.    Tlio  fine 
striae  above  and  below  these  prominent  ridges  are  parallel,  but  those 
inclosed  in  the  central  elliptical  space  cross  one  another  so  as  to 
form  a  finely  reticulated  pattern  on  its  surface,    llie  eye-spot  is  dis- 
tinct and  prominent  at  the  anterior  end,  near  tlie  intersection  of  the 
two  curved  ridges.     Other  slight,  scarcely  visible,  folds  traverse  the 
carapace  parallel  to  the  ventral  and  dorsal  border,  indicating  tiiat 
the  original  shell  was  of  extreme  tenuity,  like  that  of  the  recent 
Apu  and  Estheria. 

Should  the  discovery  of  other  and  more  perfect  specimens  prove 
this  to  be  a  true  Diihtfrocaris,  it  will  be  the  first  specimen  of  this 
genus  met  with  in  rocks  of  Devonian  ago. 

I  had  proposed  to  call  this  form  D.  striatm,^  but  as  there  is  already 
a  B,  teuuistriatns,  it  will  l>e  l:)etter  not  to  give  it  so  indistinct  a  name. 
1  therefore  beg  to  name  it  Dithyrocaria  y  Belliy  after  its  discoverer. 


rv. — On  thb  Two  Glaciations  op  the  Lake  District.' 

fij  C.  £.  de  Bancb,  F.O.S.,  of  the  Geological  Survey  of  England  and  Wales. 

Fhas  always  been  difficult  to  account  for  the  fact  that,  whilo 
Moraine  Drifts  occur  at  such  low  levels  in  the  Lake  Diistrict, 
Marine  Drifts  are  found  at  such  high  elevations  in  the  surrounding 
district  Mr.  Mackintosh's  new  facts  throw  some  light  on  this  phe- 
Domena,  but  do  not  entirely  explain  it,  owing  to  his  having  given,  in 
my  opinion,  far  too  little  importance  to  the  second  Glaciation  expe- 
rienced by  the  Lake  District  after  its  emergence  from  the  Glacial  Sea. 

His  discovery  of  Boulder-clay  and  Laminated  Sand  at  several 
points  in  the  Lake  District,  though  invaluable  as  proving  the  sub- 
mergence of  the  mountains,  are  in  themselves  tnily  fringes,  patches, 
or  terraces,  the  remains  of  masses  of  Marino  Drift  which  once  filled 
np  the  valleys  to  considerable  heights,  which,  with  the  excoption  of 
these  fragmentary  portions,  have  been  entirely  scooped  out  by  the 
glaciers  of  the  second  ago,  which  left  their  marks  and  their  nioniines 
not  only  in  highland  valle3'^fl,  as  admitted  by  Mr.  Mackintosh,  but  in 
such  lowland  valleys  as  the  Liza,  Windermere,  and  Langdale,  often 
in  the  actual  space  cleared  out  of  the  Marine  Drift  and  the  still 
older  Lower  Moraine  Drift  beneath. 

1  have  elsewhere'  endeavoured  to  show  that  two  distinct  Lower 

*  British  ABflociation  Reports,  Section  C,  Liverpool,  1870. 

'  I  hare  merely  visited  tne  diRtrict  as  a  tourist. 

>  "Glac.  PheiL.  of  Lan.  and  Chei."    Quart.  Jouru.  GcoL  See.,  Dec.  \%1Q. 
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Boulder-clays  occur  both  in  Lancashire  and  in  North  Wales,  the  one 
precisely  resembling  the  Upper  Clay  in  composition,  colour,  and 
chametor  of  included  fragments ;  the  other  being  a  tough,  hard, 
blue  or  black  coloured  clay,  invariably  occurring  at  levels  above 
300  feet;  while  the  ordinary  red  Lower  Till  is  hardly  ever  found 
above  50.  The  low-level  Clay  appears  to  have  been  formed  nnder 
marine  conditions,  the  pebbles  and  boulders  being  brought  on  float- 
ing ice  from  the  ice-foot  surrounding  the  Lake  District,  while  the 
high-level  Clay  is  evidently  the  result  of  a  small  ice-sheet  of  com- 
paratively local  origin,  no  foreign  erratics  occurring  in  it. 

In  the  railway  cutting  between  Penrith  and  Keswick  two 
Boulder-clays  are  seen,  the  one  red,  the  other  blue;  the  former 
precisely  resembles  the  Upper  Till  of  Lancashire  and  Cheshire, 
while  the  latter  would  appear  to  be  the  representative  of  the  "land- 
ice  Lower  Till "  of  Lancashire  and  Carnarvonshire. 

In  some  places  Mr.  Mackintosh  calls  his  Clay  "2"  by  the  Fumess 
name,  ''piiiel,"  and  to  this  division  he  assigns  the  reddish  clay  of 
the  Penrith  cutting ;  and  as  there  can  be  no  doubt  tliat  his  division 
*'3"  is  the  true  "Middle  Drift"  of  Prof.  Hull,  it  follows  that  his 
divisions  *'  1 "  and  "  2  "  are  the  representatives  of  the  two  Lower 
Tills  described  above. 

In  Carnarvonshire  the  two  Lower  Tills  may  be  seen,  the  one 
rest  in  j^  on  the  other;  the  red  lying  on  an  eroded  and  sea-worn 
surface  of  the  blue  or  black  clay  below,  which  fact  would  tend  to 
I)rove,  as  I  had  inferred  before  visiting  North  Wales,  that  the 
formation  of  the  land-ice  Lower  Till  commenced  universally  in  the 
north-west  of  England,  before  the  commencement  of  the  deposition 
of  the  ]\Lirino  Lower  Till;  at  the  same  time,  it  is  not  impossible 
that,  after  the  subsidence  commenced,  glaciers  reached  and  even 
entered  the  sea,  whose  moraines  were  swept  off  the  surface  of  the 
ice,  and  carried  by  tidal  currents  southwards,  and  deposited  in  the 
silt  there  forming,  producing  the  Marine  Lower  Till:  thus  simul- 
taneously land-ice  Lower  Till  might  be  forming  beneath  the  sub- 
marine <;lacier8,  and  Marine  Lower  Boulder  above  it ;  and  after  a 
time,  towards  the  Middle  Drift  age,  when  the  climate  ameliorated, 
the  ice  melted  and  the  Marine  Clay  sank  down  in  some  places 
quicker  than  in  others,  giving  rise  to  those  twistings  and  oblique 
laminations  so  often  observable  in  that  clay. 

The  mounds  of  drift,  associated  with  roches  moutonnees  at  Grange 
Bridge,  below  Derwentwater,  appear  to  have  been  formed  by  one 
of  the  later  glaciers,  and  once  to  have  extended  entirely  across  the 
valley  below  Grange  Fells,  damming  up  a  lake  behind,  until  the 
river  cut  a  passage  through.  The  Rev.  Mr.  Bonney  has  referred  to 
the  fine  rocho  nioutonnee  on  the  left  bank  of  the  stream  at  Grange, 
which  has  certainly  not  been  touched  by  the  sea,  which  would  be 
the  case  if  tlie  mounds  were  formed  by  it,  as  suggested  by  Mr. 
Mackintosh.^  Below  Rosthwaite  the  Derwent  receives  Stonethwaite 
Beck,  which,  a  little  above  that  hamlet,  is  formed  by  the  junction 

^  Gbol.  Mag.,  1866,  p.  292. 
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of  two  streamSi  Longstrath  Beck  and  that  of  Greenup  Gill.  The 
former  takes  its  source  from  the  Col  between  Angle  and  Sprinkling 
Tarns  (at  an  elevation  of  2,500  feet) ;  from  this  point  radiate,  as 
from  a  centre,  streams  that  flow  into  Eskdale,  Wasdale,  Borrodalo, 
Longstrath,  and  Miokleden ;  and  in  the  Glacial  period  this  must 
neoessarily  have  been  a  centre  from  which  ice  would  flow  in  these 
various  directions,  both  in  the  first  and  in  tlie  second  Glaciations.^ 

Rosihwaiie  to  Stye-head  Paaa. — Following  the  Derwent,  it  is  found 
to  receive  a  beck  flowing  down  Horse  Gill  at  the  village  of  Seatoller ; 
from  thence  it  flows  through  an  alluvial  plain,  formed  of  rc-arranged 
moraine  mounds,  rising  from  338  to  450  feet,  bounded  on  either 
side  by  rather  steep  clifls,  the  edges  of  hills  rising  to  an  elevation 
of  more  than  2,000  feet.     Between  Seuthwaite  and  the  junction  of 
the  river  with  the  brook  which  flows  from  Sprinkling  and  through 
Stye-head  Tarns,  occur  moraine  mounds  from  30  to  40  feet  in  height, 
through  one  of  which  the  river  has  cut  a  channel.     A  little  above 
the  point  where  the  footpath  crosses  the  river  the  water  has  cut 
a  very  narrow  channel  through  the  rock,  which  is  here  exposed,  the 
surface  of  which  is  rounded  by  glaciation.     On  the  slope  of  Base 
Brown  there  is  a  little  loose  Drift,  stained  very  red  with  iron  or 
copper,  especially  above  the  spot  where  the  brook  is  precipitated  over 
the  rocks  forming  a  waterfall,  which  is  cut  in  a  rather  steep  glaciated 
and  drift-covered  slope  intervening  between  the  upland  gorge  above 
and  the  valley  of  the  Derwent  below,  and  over  which  a  glacier 
flowed  from  the  one  to  the  other,  supplied  in  great  measure  by  one 
that  took  its  source  in  the  valley  of  Sprinkling  Tarn  between  Great 
End  and  Seathwaite  Fell.     The  base  of  the  steep  ascent  below  the 
fall  is  600  feet  above  the  Ordnance  datum  line,  the  top  being  about 
1,250  feet,  from  which  point  the  slope  is  very  gradual  uj)  to  Stye-liead 
Pass.     Many  blocks  of  rock  from  this  upland  valley  are  found  upon 
the  steep  slope  below ;  the  surface,  indeed,  is  strewn  with  masses  of 
rock,  otlen  of  very    large   size,   but   not    indicating  many   signs 
of  glaciers ;  the  waterfall  only  in  part  represents  the  slope,  sufficient 
time  not  having  elapsed  for  it  to  have  cut  back  to  the  highest  part. 
In  the  whole  of  the  Stye-head  Valley,  up  to  the  summit  level  of  the 
Pass  at  1,560  feet,  there  are  slight  traces  of  glaciation,  patches  of 
Moraine  Drift,  perched  blocks,  and  rounded  masses ;  but  I  failed  to 
find  any  on  the  slope  of  the  Great  Gable  above.    But  as  rock-basins 
occur  at  elevations  of  nearly  2,000  feet,  it  is  probable  that  an  ice- 
stream,  fed  by  the  peaks  of  Sea  Fell  and  Allen  Crags,  flowed  over  the 
sites  of  Sprinkling  and  Angle  Tarns  into  Stye-head  Valley,  and  that 
glaciers  lingered  in  it  in  the  period  of  re-emergence  from  the  sea,  one 
of  their  moraines,  left  in  the  gradual  retreat  of  the  ice,  filling  up  the 
valley  and  damming  up  the  water,  producing  Stye-head  Tarn.    Uj>on 
the  opixwite  side  of  the  Pass  fragments  of  Moraine  Drift  are  seen 

^  In  the  Col  between  Longfstrath  and  Mickledcu,  the  highest  elevation  is  1,581 
feet,  and  between  them  and  Eskdale  2,490  feet;  the  sniull  conical  hill,  calliHl  Allen 
Crag^,  2,572  feet,  rises  in  the  centre,  and  is  joined  to  Glaramara  by  a  slightly  elevated 
ridge,  forming  the  north  and  south  water-shed,  between  the  water  llowing  east  and  then 
louth  into  Morecambe  Bay,  and  that  flowing  west  into  the  Irish  Sea. 
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like  fringes  here  and  there  on  the  hill-ride  up  to  a  gnat  elevation 
they  arc  prohahly  left  by  glaciers  which  flowed  when  the  level  < 
the  rock  bottom  of  the  Lingmell  Beck  goige  was  higher  than  t 
present,  the  remainder  having  been  scooped  out  by  later  glacien 
which  have  also  helped  to  deepen  the  bottom  of  the  valley,  the  alcns 
of  which  is  far  more  rapid  than  that  of  the  head  of  Borrodud 
Moraine  matter,  sand,  and  tumultuous  heaps  of  gravel  occur  on  th 
right  bank  of  Lingmell  Beck,  under  Wasdale  Fell,  some  of  thex 
being  50  and  60  feet  in  height,  left  by  the  later  glaciers,  which  d 
not  appear  to  have  reached  the  lake  Wast  Water,  which  lies  in 
gigantic  rock-basin,  bounded  to  the  west  and  north  by  high  slopini 
mountains,  and  to  the  east  by  steep  cliffs,  called  the  Screes,  1,77 
feet  in  height,  which  have  every  appearance  of  descending  at  th 
same  angle  beneath  the  water,  which  is  known  to  reacl^a  depth  c 
270  feet,  or  about  80  feet  below  Trinity  high-water  mark,  the  level  c 
the  surface  of  the  water  being  204  feet  above  the  Ordnance  datum  lini 
The  surfaces  of  the  Screes  are  covered  with  a  vast  quantity  of  loos 
material,  the  result  of  the  weathering  of  the  cliff,  the  fragments  varyin 
in  size  from  a  foot  to  the  eighth  of  an  inch ;  it  especially  occurs  nefl 
the  base  dipping  under  the  water,  with  only  a  slightly  altered  angle  < 
repose ;  occasionally,  at  a  height  of  about  850  feet,  a  ledge  of  roc 
crops  out,  stopping  the  fall  of  detritus  from  above ;  at  points  whei 
the  continuity  of  the  ledge  is  broken,  the  debris  has  flowed  tiiroug 
the  opening,  as  through  a  funnel,  spreading  out  into  a  fan-shape 
mass  below,  marked  with  curious  curves,  showing  the  direction  i 
motion,  being  first  obliquely  northwards,  then  downwards,  then  ( 
a  small  angle  curv^ing  southwards.  Taking  into  consideration  thi 
the  deex)eBt  side  of  the  lake  is  the  eastern,  under  the  Screes  Cliff, 
appears  probable  that  the  ice  that  scooped  out  the  lake  was  not  on! 
derived  from  the  valleys  at  its  head,  but  was  in  part,  from  an  ic 
stream  that  poured  over  the  Screes  themselves,  derived  from  ti 
undulating  ground  surrounding  the  various  peaks  of  Soa  Fell,  Greei 
how,  and  Eskdale  Fell,  during  the  first  glaciation.  Looking  at  tl 
general  trend  of  the  ground,  though  valleys  occur  between  Sea  Fe 
and  Illgill  Head,  there  is  reason  to  believe  that  a  small  ice-shei 
would  flow  west  in  the  direction  of  Wast  Water,  and,  meeting  wil 
the  oliffs,  would  flow  over  them,  adding  its  immense  weight  to  tl 
glacier  already  occupying  the  gorge,  derived  from  the  Mosedale  an 
Lingmell  valleys,  would  cause  it  to  exercise  an  enormous  grindin 
ix)wer  on  that  point,  causing  the  central  eastern  side  of  the  lake  i 
be,  as  we  now  find  it,  the  deepest. 

But  in  the  second  glaciation  the  ice  does  not  appear  to  have  move 
over  the  shoulders  of  the  hills  from  Sea  Fell,  but  to  have  flow< 
south  into  the  valleys  of  Eskdale  and  the  River  Mite ;  while  i 
the  first  period,  here  and  elsewhere  in  the  Lake-District,  the  it 
appears  to  have  gathered  on  all  the  strips  of  upland  undulatii 
plain  surrounding  the  various  peaks,  and  separating  the  differei 
vulloyp,  and  thence  to  have  radiated  in  all  directions,  pouring  ov« 
cliffs  and  valley-sides  into  the  gorges  and  vales  below,  wherev 
an  indentation  or  fall  in  the  ground  facilitated  its  flow  over  ti 
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edge,  making  rock  basins  in  the  upland  district,  smoothing  the  rocks 
of  the  oliff,  and  grinding  and  deepening  those  of  the  valleys. 

Watt  Water  to  Buttermere. — Lea^-ing  Wasdalo  Head  by  Moscdale, 

diat  valley  is  seen  to  be  entirely  shut  in  by  the  steep  rocky  hills  of  Hod 

Pike,  the  Pillar,  Looking  Stead,  and  Kirk  Fell.    Through  this  ridge 

mns  the  east  and  west  water-shed,  separating  the  brooks  that  flow 

north  into  Ennerdale  from  those  that  flow  south  into  Wasdale.    One 

of  the  latter  forms  a  spring  in  the  Black  Sale  Pass ;  in  this  Col,  and 

all  along  the  course  of  the  stream,  patches  of  moraine  matter  occur, 

and  at  tihe  point  where  the  path  from  Wasdale  crosses  the  stream, 

the  rock  is  slightly  rounded ;  and  this  indeed  is  tlie  case  with  the 

hill  Looking  Stead  itself,  over  whose   summit  the  ice  appeal's  to 

have  fairly  passed  during  the  first  glaciation.     But  the  rounding  in 

the  brook -course,  and  in  that  of  Black  Sale,  would  appear  to  have 

been  caused  by  small  glaciers  in  tlie  period  succeeding  submergence, 

which,  uniting  at  the  bottom  of  Mosedale,  scooped  out  the  old 

moraines  and  the  possible  Marine   Drift  with  which  they  were 

covered ;  and  in  their  retreat  left  their  own  small  moraines  at  the 

bottom  of  the  valley,  which  have  since  been  much  denuded  away 

by  stream -action,  before  the  commencement  of  which  they  appear 

to  have  extended  across  the  valley,  damming  up  the  water,  and 

forming  a  small  lake  behind. 

Looking  up  the  Liza  Valley  from  the  hill  Looking  Stead  (2,058 
feet)  two  brooks  are  seen  to  join  a  little  al)ove  the  point  where  the 
footpath  to  Scarf  Grap  crosses  the  Liza,  together  forming  that  stream. 
In  the  fork  between  these  brooks  a  sloping  hill  comes  down  from 
Green  Gable;  the  surface  of  this  slope  especially  near  its  lower  end, 
is  covere«l  by  numerous  conical  moraine  mounds,  resembling,  when 
viewed  from  this  height,  a  scries  of  gigantic  ant-hills.  They  also 
occur  below  the  base  of  the  slope ;  on  both  sides  of  the  Liza,  especi- 
ally on  the  north  bank,  east  of  the  point  where  the  footpath  to  Scjirf 
Gap  cuts  tho  900  feet  Ordnance  contour  line,  oocuiTing  on  the  sloi>e 
at  least  as  high  as  1,250  feet,  being  formed  by  a  gradually  retreating 
glacier  in  the  last  glaciation.  At  a  siuiilar  level  trtices  of  glacial 
rubbish  occur  immediately  below  the  Gap,  formed  proliably  by  a 
small  glacier,  which,  fed  by  ice  flowin"-  off  Hig^^  ^^*^S  and  Warn- 
icale,  passed  over  the  pass  in  two  directions,  towards  the  Liza  and 
towards  Buttermere.  Some  of  the  moraine  heaps  in  the  former 
valley,  especially  on  tho  south  bank,  just  behind  the  Sheep-pens, 
are  elongated  ridges  rather  than  conical  mounds,  with  long  axes, 
running  in  a  W.N.W.  direction,  with  a  sharp  dividing  edge,  like 
the  ridge  of  a  gable  roof;  the  slope  to  tho  right  and  left  (angle  of 
repose?)  beuig  38°,  those  of  tho  ridgo  being  as  shown  in  the 
following  sketch,  Fig.  1. 

The  south  bank  of  Buttermere,  below  High  Stilo  and  High  Crag, 
shows  traces  of  a  double  glaciation,  the  r(»cks  being  rounded  and 
scored  in  a  primary  direction  from  S.E.  to  N.  W.,  or  in  the  line  of 
the  valley ;  and  in  a  secondary,  from  S. W.  to  N.E.,  wherever  the 
Binall  glaciers  of  the  second  pcrio<l  came  down  tho  indentations  in 
the  hill's  side  now  occupied  by  brooks,  one  of  ^^^^*^  fl<>^^8  through 
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Bleaberry  Tarn.  The  great  Crummoclc  Water  and  ButteimAre 
Gltcior  appears  to  have  filled  up  the  valley  to  a  height  of  nearly 
700  feet  above  the  present  level  of  the  lakes,  acooping  out  their 
basins  in  its  course,  or  taUier  basin,  for  the  two  lakes  are  merely 
xepamtcd  from  each  oilier  by  the  allavitim  of  Sail  Beck,  as  luw 
been  ]>oiuted  out  by  my  colleague,  Ur.  J.  Clifton  Ward,  F.G.8. 


a.    MDniac  Uouii-, .,.- 

t.    ThF  rlrer  Uu,  viib  MiiUrTHl  falDcka  et  (luUtcd  rock,  dnind  from  tb*  H 

BnlUrtuere  to  IIoHiiUlcr  Pass. — A  little  above  Buttermere  Tillaae 
in  a  muniled  and  smotitbed  mass  of  rock,  partially  covered  hj 
Moraiue  Drift,  whicli  more  or  leas  covers  the  bottom  of  the  slope 
of  Uuttcrmoro  Fell  above  Galcsgarth,  where  some  erratic  maesea 
of  rock  occur,  the  moraine  matter  being  much  coveied  with  rain- 
wash,  and  partly  re-sorted  by  livcr-oction ;  higher  up,  near  Honnistec 
Pass,  the  brook  iluws  through  a  deep  narrow  channel,  sonietimea 
tlirovigh  Drift,  Bometimua  l)etween  the  Drift  and  the  i-ock  ;  thia  Drift 
appeai-s  to  be  partly  moraino  stuff  and  partly  matter  that  has  fallen 
from  the  crags  on  either  side.  The  glacier  of  the  second  period  that 
occupied  this  valley,  flowing  westward,  would  pass  down  into  ths 
Buttcrniero  Lake  gorge,  iin<l  tluia  its  terminal  moraine  is  beneath 
the  present  watcr-Tcvel  of  the  lake,  which  has  also  been  filled  at  ill 
upjier  end  by  alluvium. 

llutinisler  Pas»  to  Bostheaite. — From  the  top  of  the  Pass  a  long 
smixith  slope  is  seen  to  trend  down  towards  Seatoller  from  ths 
HaMHO,  margined  or  limited  on  its  upper  portion  by  cliffs  formed 
by  Seatoller  Fell  to  the  north  and  Grey  Knotta  to  the  south.  Ics 
would  appear  to  have  gnthei-ed  round  the  upland  heights  and  to 
have  poured  over  those  cliffs  upon  the  long  inclined  plain  below, 
which  has  been  worn  into  a  gigantic  ruche  moutonnee.  Near  ths 
top  of  tliJH  slope  a  brook  rises,  ci-ossing  the  path  below  the  Honae^ 
at  which  iioint  its  cliannel  is  only  a  few  inches  deep ;  but,  like  sU 
streams  ilowing  over  a  cun-ed  surface  to  a  plain  (on  to  the  sea) 
below,  it  has  cut  a  gorge,  tlie  bottom  of  which  is  a  chord,  to  the 
oiirvu,  extending  from  the  source  <if  the  stream  to  the  plain :  thus, 
in  the  present  instance,  the  gorge  gradually  goes  on  increoeiog  in 
depth  until  the  i>oint  is  readied  where  the  curve  is  strongest,  after 
which  it  diminislios  as  the  curve  of  tlie  suriiico  descends.  The  leral 
of  the  brook  where  it  croaaes  the  path  is  1,000  &et ;  at  the  pomt 
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where  the  curve  is  strongest  the  level  is  oOO  feet,  the  lK)ttom  of  the 
gorge  being  nearly  40  feet  beneath ;  at  the  bottom,  where  it  ilows 
into  the  Derwent  allavium,  it  is  about  850  feet,  the  slope  of  the 
stream  having  exceeded  the  slope  of  the  ground  by  less  than  one 
degree.  To  produce  this  small  gorge  vertical  denudations  of  the 
bed  and  longitudinal  denudation  of  the  banks  has  alone  taken  place, 
Bnfficient  time  not  having  elapsed  for  horizontal  denudation  of  the 
banks,  producing  an  alluvial  plain,  as  has  been  tlie  case  with  the 
villey  of  the  Derwent;  it  is  therefore  probable  that  this  gorge, 
unlike  that  of  Borrodale,  had  no  pre-glacial  existence,  and  has  bton 
entirely  formed  since  the  emergence  of  the  country  from  the  glacial 
sea,  and  after  the  slope  in  which  it  is  cut  had  obtained  its  rounded 
contours,  and  probably  even  after  the  glaciers  of  the  second  period 
had  disappeared,  though  no  doubt  a  small  glacier  passed  down 
Bsnae  Gill  over  the  line  of  the  present  stream,  and  connected  itself 
with  the  Borrodale  glacier  of  the  second  period. 

Bosthwaite  to  Stake  Faas. — A  little  above  the  village  of  Stone- 
thwaite,  the  Beck  of  that  name  receives  a  small  brook,  ilowing  out 
of  Dock  Tarn  (1,322  feet)  on  Watendlath  Fell.    Tlie  cliffs  on  either 
side  of  the  Beck  are  glaciated,  and  the  ice  appears  to  have  nearly 
coTered  the  Fell,  and  to  have  fallen  lx)dily  over  the  cliffs  over  which 
tbe  Beck  now  finds  its  way.     Between  these  Borrodale  Fells  and 
the  Wythbum  Fells  to  the  east  the  surface  of  the  ground  is  an 
undulating  depression,  with  peaks  rising  here  and  there,  divided  by 
oolg,  none  of  which  (between  Borrodale  and  W3'thbum)  are  more 
tban  from  1,550  to  1,600  feet  in  height.    The  ice  during  the  first 
glaciation  would  appear  to  have  occupied  the  whole  of  these  Fells 
up  to  that  level,  and  thence  poured  downwards  into  the  above-men- 
tbned  valleys  by  the  various  small  ravines,  and  occasionally,  as  in 
tbe  present  case,  descending  over  the  cliffs  forming  tlie  limits  of  tho 
great  valleys,  in  the  lower  portions  of  which  the  ico  would  appear 
to  have  steadily  flowed  northwards  in  those  valleys  lying  north  of 
tbe  circular  watershed,  and  southwards  in  th<;)8e  lying  on  the  south, 
as  Windermere  and  Coniston  Valleys,  Eskdale   and  Wast  Water 
Valley,  scooping  in  many   instances  the   great   rock -basins,   now 
occupied  by  lakes,  at  the  points  of  greatest  pressure.     In  the  bottom 
of  Stonethwaite  Beck  Valley  traces  of  this  glaciation  are  observable 
in  the  woods  on  the  south  bank,  where  the  rocks  are  moutonneed,  and 
scored  in  the  direction   of  Greenup   Gill,  down  which  a  glacier 
flowed  joining  that  from  Longstrath  Beck ;  the  scored  rocks  are  at 
an  elevation  of  about  440  feet.     At  the  point  where  the  two  latter 
Becks  join,  tlie  rocks  are  rounded ;  and  where  a  rude  bridge  crosses 
Longstrath  Beck  the  rock  is  cut  through,  almost  appearing  as  if  a 
tocky  barrier  had  stretched  across  the  mouth  of  the  valley,  and  that 
tbe  rock  bottom  sloped  upwards  towards  it,  being  a  small  rock-basin, 
once  probably  occupied  by  a  lake.     Following  tho  lines  of  Long- 
strath, it  is  found  to  be  an  insigiiificant  brook,  wandering  through  a 
narrow  alluvial  plain,  bounded  on  either  side  by  steep  cliffs.     At 
the  foot  of  these,  but  especially  on  the  cast  side,  there  are  sloping 
masses  of  Drift,  partly  the  result  of  falls  from  above,  but  in  great 
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measure  due  to  moraine  matter  left  by  the  first  glaciation,  possibly 
re-arranged  at  the  surface  by  marine  action. 

The  glaciers  of  the  second  age,  though  not  so  often  taking  the 
form  of  a  small  ice-sheet  as  those  of  the  first,  would  appear  to  ha^e 
been  both  large  and  powerful,  dwindling  and  retreating  mUe  by 
mile  as  the  climate  ameliorated ;  the  perpetual  snow-line  gradnally 
rising  and  rising,  until  at  last  it  loft  the  highest  peak  of  Sea  Fell,  and 
the  last  glacier  melted  away.  In  most  of  the  valleys  of  the  Lake 
District  traces  of  these  retreating  glaciers  may  be  seen,  tier  above 
tier  of  moraine  mounds  stretching  across  the  valley,  becoming  smaller 
and  more  insignificant  as  the  source  of  the  valley  is  neared.  Some 
of  these  mounds  occur  in  that  of  Longstrath,  commencing  (in  a  dis- 
tinct form)  at  a  point  a  little  above  the  spot  where  the  Beck  receives 
the  second  brook  on  the  east  bank  (Onlnanoe  one  inch  Map,  98, 
North-west),  counting  from  the  north ;  higher  up  in  the  valley,  the 
mounds  become  very  numerous,  some  of  them  being  from  20  to  40 
feet  in  height,  others  being  cut  in  two  by  the  stream  between  the 
third  and  fourth  brook  running  into  it  Below  High  White  Stone 
(2,500  feet)  there  are  two  tiers  of  these  mounds,  one  above  the  other, 
running  in  the  direction  of  the  valley,  the  higher  reaching  nearly  to 
the  1,000  foot  contour,  or  to  a  height  of  300  feet  above  the  Beck. 
Still  higher  up  the  valley,  especially  on  the  north  side,  numerous 
mounds  also  occur  at  the  foot  of  die  slope.  At  one  point  lower 
down,  on  tlie  east  side  of  the  Beck,  between  the  first  and  second 
brooks,  (it  a  lieiglit  of  900  feet,  the  rock  is  rounded  and  scratched 
directly  upwards  (E.),  which  must  have  been  produced  by  ice 
pouring  over  the  edge  from  the  comparative  table-land  above, 
which  is  a  continuation  of  that  high  groimd  intervening  between 
the  gorges  of  Borrodole  and  Thirlmere,  already  alluded  to  as 
having  been  probably  covered  with  ice  during  the  first  glaciation, 
and  to  a  less  extent  during  the  second.  This  undulating  ridge  is 
continued  through  High  White  Stones,  until  it  terminates  in  Lang- 
dale  Pikes,  the  ground  being  sufficiently  fiat  to  have  received  a  thick 
covering  of  peat  during  the  cold,  moist,  continental  period  im- 
mediately succeeding  the  Glacial  epoch.  From  this  peat-covered 
undulating  plain  rise  several  eminences ;  amongst  them.  Sergeant 
Man  (2.414  feet),  in  the  side  of  which  rises  the  brook  that  supplies 
Stickle  Tarn  (1,540  feet),  which  lake,  as  shown  by  Prof.  Hull,  RB.&, 
in  I860,*  is  dammed  up  by  a  moraine,  which  must  have  been  formed 
by  a  glacier  fiowing  down  the  valley  from  Sergeant  Man,  which 
again  points  to  the  principal  source  of  ice  being  in  the  upland  plain. 
Indeed  I  found  that  the  whole  of  the  Col  called  the  Stake  Pass  is 
covered  with  moraine  heaps  of  small  glaciers,  left  in  the  retreat 
toward  the  peaks,  on  the  last  amelioration  of  climate;  many  of  tbese 
mounds  are  covered  by  nearly  20  feet  of  peat.  The  moraine  of 
Stickle  Tarn,  as  stated  by  Prof.  Hull,  has  never  been  touched  by  the 
sea ;  and  as  I  have  strong  reason  to  believe  that  these  mounds  were 
formed  by  the  glaciers  of  the  first  period  during  their  retreat,  in 
oonsequence  of  the  amelioration  of  climate  which  took  place  in  the 
^  £din.  New.  Phil.  Jouni.,  vol.  xi.,  new  series,  1860. 
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middle  of  the  Glacial  epoch,  which  ushered  in  the  Middle  Drift 
period,  it  is  clear  that  the  sea  of  that  period  never  reached  so  high. 
This  coincides  with  the  fact  that  Middle  Drift  occurs  at  elevations 
always  below  that  level;  thus  that  at  Macclesfield  ami  at  Moel 
Trj&en  reach  but  1,200  and  1,350  feet  respectively,  and  the  new 
lections  described  by  Mr.  Mackintosh  as  discovered  by  himself  and 
by  Mr.  Ward,  at  Coniston  and  at  Trout  Beck,  reach  but  1,000  feet, 
lliere  is  therefore  little  doubt  but  that  during  tlie  greatest  sub- 
mergence of  the  Middle  Drift  period,  the  land  in  the  north- west  of 
England  and  north  of  Wales  never  sank  more  tlian  1,400  feet  bo- 
low  its  present  level. 

Stake  Pom  to  Dungeon  OiJL — ^At  the  head  of  Langdale  Valley, 
below  Stake  Pass,  a  remarkably  fine  moraine  occurs,  which  it  is 
needless  for  me  to  describe,  as  Professor  Hull  has  figured  it  in  his 
pepAT  "  On  the  Vestiges  of  Extinct  Glaciers  in  the  Lake  District  of 
(hunberland  and  Westmoreland,"  ^  with  which  paper  I  regret  I  was 
not  acquainted  when  I  wrote  my  "  Notes  on  the  Surface-Geology" 
of  the  district  in  1869 ;  for  in  it  he  describes  in  detail  the  old 
glaciers  of  Windermere,  Grasmere,  and  Grisedale,  alluded  to  in  my 
own.  He  also  describes  in  this  paper  Great  and  Little  Langdale, 
Stockdale,  and  Patterdale,  and  gives  the  figure  of  the  fine  glaciated 
rock  behind  St.  Mary's  Church,  which  has  been  transferred  to  the 
pages  of  the  "  Antiquity  of  Man."  He  also  gives  it  as  his  opinion 
that  glaciers  descended  as  low  as  500  or  600  feet,  after  the  retreat 
of  the  sea,  and  that  the  Drift  sea  ascended  as  high  as  1,000  foot,  a 
wsult  which  in  the  latter  case  further  investigations  have  merely 

Kved  to  be  true.  He  also  was,  I  think,  the  first  to  distinguish 
vreen  the  Moraine  and  the  Marine  Drifts  of  the  Lake  District,  and 
to  show  why  the  former  descend  so  low,  and  yet  the  latter  ascend 
BO  high. 

Below  the  great  moraine  at  the  foot  of  Kosset  Gill,  fragments 
•^f  still  larger  moraines  remain  above  Dungeon  Gill,  espeeiatly  a 
large  one  on  the  north  bank  before  reaching  Middle  Fell  Pluce, 
which  is  covered  with  erratic  perched  Boulders,  resem])lincr  on  a 
small  scale  the  great  moraine  mound  at  Blaen-y-nant,  in  the  Pass  of 
Llanberis,  described  by  Prof.  Ramsay,  F.R.S.- 

Dungean  Crill  to  Chapel  Stile, — From  the  alluvial  plain  of  Tireat 
Langdale  Beck  immediately  below  the  hotel  rise  many  fine  exam- 
ples of  roches  moutonnees,  the  long  axes  being  in  the  direction  of  the 
valley ;  another  fine  example  occurs  at  Thrang,  in  a  garden  Ix^low 
Cha|)el  Stile  Church;  the  striatious  here  are  very  distinct,'*  the  primary 
scores  pointing  up  the  valley.  Between  these  two  points  glacial 
nihbish  is  seen  at  several  points,  in  one  resting  upon  shattered  slates. 

Chapel  Stile  to  Coniaton, — In  this  district  my  opportunities  of 
examination  were  small,  but  it  would  appear  that  the  glaciei's  of  the 
second  epoch  in  this  area  exerted  but  little  effect  in  scooi^ing  out 

*  Edin.  Xew  Phil.  Jonrn.  *  "  Ancii'iit  (ilrtci(r«<  of  Xoi-fh  Wjili«." 

*  Wein^  nearly  as  good  ns  tbosc  I  observod  on  tlio  (•:ist  bunk  of  tlio  f«K»t  t)f  Lyn 
Lrdaw  {S.  Walen),  near  the  briil^o  over  the  lake,  which  are  ccrtiinly  the  freshest 
looking  of  any  in  that  district,  or  in  the  Lake  District. 


;  J  K      C.  K.  th:  Rjnce^  GlaciationM  of  the  Lake  District. 

'•\*:.\it:  J>iift.  the  surface  of  tlie  ground  up  to  about  800 M 
V  .; ;/  :.'.  i'.-li  ;tf{  it.  wiiK  lofi  Ijv  tlic  Upjier  Boulder-clay  sea,  to  whiek 
.,/•  J  liU-.r  y\iti  loamy  stony  drift  below  Amside  ;  lower  anal 
'/....' r  t  fl'/w«:<i  Yfi'.>\  from  Low  Tarn  to  High  Yewdale,  when  I 
y,,i.'  '1  .'J  ^*\tu:utr  wiiidi,  both  in  the  first  and  second  glaciations,  flowel 
«l'//./j  Vi-.wHjiIu  JJi-f:k,  from  Tilberthwaite. 

i  niiii-.hiii  to  iirtitnoihl, — Coniston  water,  like  all  the  great  lakes  of 
t)i<:  «ii..iri<t,  Jii:N  ill  u  r(x;k-baMin,  the  glacier  which  formed  it  (in tin 
it^ft  \,i*r.fA\\\\r  tlir  Hiilmiurgonce)  reaching  to  a  height  of  at  Imt 
|r#';  )t  <t  fibiivi'.  till*  present  surface  of  the  water. 

I. .« t  y  niiiiLlI  iNiiLiiil,  iiH  in  Windcnnere  and  Grasmere,  is  a  rodM 
If.'. II I 'III  mi'.  iLH  iH  llin  r4K;k  at  the  foot  of  the  lake  on  which  the  hotdk 
I. Mill,  h'liii  liiii  vviinlows  of  which,  a  view  of  the  entire  lake  is  MB 
I 'II. I,  I M}.'  iilnii^  t.liiinx.'U't  c<*ntre  measured  from  east  to  west ;  this  rock 
v/.i.-  iIm  inJDiM  t.lin  Houthern  abutment  of  the  Coniston  Glacier,  beloDl 
y/lif  )i  Mil'  \!\t'\\i  hcooping  power  was  exerted,  though  to  a  oertui 
t.f\>\i\  iliiii  iiiiihi.  hiivo  been  exercised  in  the  valley  lower  down,* 
ilii-  III' li  in  riiiiinli'il  (in  Uio  south  side  as  well  as  on  the  north ;bot 
ili«  ti.irrrt  ul'  Mdniino  Drift  in  the  valley  of  the  Crake  have  been 
•.l.hh  i.iliil  hy  iii.u'iiir  action,  wliich  has  overspread  the  country  witk 
.1  I.  |>ii  '-.t-iiiiLiivit  fit'  liio  Upper  Till  of  the  south;  this  is  particulai)y 
wt  II  I  •  i  II  ill.  Ijowirk  Groen.  and  to  a  less  extent  on  the  slopes  abovv 
;:)..> 1 1-  <Mf^i*ii.  The  glacier  of  \\\Q  second  age,  though  it  reached  the 
li<  .I'l  <•!  (.'iMiiHton  lake,  and  probably  shed  its  terminal  moraine  in  tbo 
iiii'l'il"  ol'  it,  45vid(;ntly  never  readiod  the  f(X)t,  and  thus  the  Marine 
liiili  n\'  tlin  valjijy  of  the  river  Crake  is  now  undisturbed,  thonghi 
jM.  il.ly,  «li;!ailcd  examination  may  discover  the  traces  of  smiU 
y\.u  ii  i,*.  wlii(;li  have  occupied  its  tributary  l>ecks. 

I.'.olciii;;  ut  the  facts  I  have  observed  in  the  Lake  District,  Lancfr 
hliir^-,  riii'l  <*he8hire,  I  think  it  proUablo — (1)  Tliat  before  the  Glacia 
i;p'i'li  tin;  land  stood  further  out  of  the  sea;  that  denudation  of  cliS 
fi/ok  jil:n-e,  .accompanied  with  subsidence.  (2)  That  while  this  wa 
^oiii^  on  tiie  climate  became  colder,  and  the  Glacial  period  com 
iiiiii';«  (1 ;  the  undulating  strips  of  plain  between  the  various  vallej 
b«r;«iiii;  covcrod  with  ice,  whicli  in  time  forced  it«  way  into  then 
whirli  then  more  than  half-filled  them  with  an  icv  stream:  this  i 
ooiirsc  i»f  time  scooi)ed  out  rock-basins  in  the  valley  floor  beneath,  i 
till'  manner  shown  to  be  the  case  in  Nortli  Wales  by  Prof.  Ramsa; 
K.ii.S.  {^)  That  while  these  gigantic  glaciers  filled  the  valleys  ! 
til'.-  Lake  District,  small  ice-sheets  covered  the  whole  of  Lancashc 
u[i  to  a  height  of  1,000  feet  and  down  to  the  level  of  50  feet,  fom 
in;^  tlK'  Terrestrial  Lower  Boulder-clay,  which  contains  only  con 
paralivcly  local  boulders;  that  this  clay  is  therefore  synchronoi 
with  tlie  Lower  Moraine  Drift  of  the  Lake  District;  tliat  belc 
CO  ffct  the  Lowlands  of  Lancashire  and  Cheshire  were  even  th< 
(at  the  close  of  this  episode)  under  water ;  and  tliat  probably  tl 
fe«5t  of  many  of  the  great  glaciers  of  the  Lake  District  were  all 
under  the  sea.  That  these  glaciers  lirought  down  to  the  sea-levc 
their  surface,  lateral  moraines,  derived  from  the  inland  valleyi 
moraines,  becoming  entangled  with  the  ice  Burrounding  tl 
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ooast,  were  lifted  on  it  by  the  tides,  and,  to  a  certain  extent,  sea- worn ; 
and  that,  as  pieoes  of  the  ice-foot  and  coast-ice  were  detached  and 
floated  fioatbwards,  sub-angular  scratched  boulders  were  carried 
vith  them,  being  deposited  in  the  loamy  mud,  derived  from  the 
TriaBSic  plains,  forming  in  the  Lowlands  of  Lancashire  and  Cheshire. 
(4)  That  the  climate  commenced  to  ameliorate,  the  subsidence  still 
ooQtinuing,  day  was  no  longer  brought  down  by  glaciers  to  the 
Lancashire  ice-foot,  the  formation  of  Marine  Lower  Boulder-clay 
ceased,  and  on  its  surface,  the  Middle  Drift  Sand,  derived  from  the 
erosion  of  the  cliffs  by  the  sea  and  of  the  land  by  rivers,  commenced 
to  be  deposited.  (6)  That  subsidence  did  not  cease  until  the 
whole  country  was  submerged  to  a  depth  of  1,400  feet.  (6)  That 
a  Glacial  climate  recommencing,  the  land  rose ;  that  a  pause  or 
fresh  Bubsidenco  took  place,  the  ice-foot  again  appearing,  the  Upper 
Till  was  thrown  down.  (7)  The  land  rising,  glaciers  again  occu- 
pied the  vaUeys  and  scooped  out  the  Marine  Drift. 


V. — On  Faults  in  Dbipt  at  Stockport,  Chesuibe. 

By  John  Aitkbn,  F.G.S. 
(With  an  Illustration.) 

DUKING  the  years  1866  and  1867  considerable  discussion  took 
place  through  the  medium  of  this  Journal  on  the  question  of 
the  existence  of  dislocations,  or  faults,  in  Glacial  Drift.  As  I  believe 
no  communication  has  appeared  since  the  latter  year  in  these  columns 
on  that  subject,  it  may  not  be  altogether  uninteresting  to  your  readers 
if  I  briefly  refer  to  a  clear  and  unmistakeable  example  of  faulted 
drift  which  recently  came  under  my  observation  at  a  ballast  pit  close 
to  the  Stockport  iLiilway  Station.  At  the  time  of  my  first  visit, 
•bout  three  months  ago,  my  object  being  to  search  for  traces 
of  marine  shells  in  the  sand,  the  several  details  of  the  section  were 
exhibited  with  remarkable  distinctness,  the  action  of  the  weather 
Unng  brought  out  the  several  lines  of  bedding  and  fracture  as 
sharply  as  though  they  had  been  produced  in  a  body  of  compact 
Sandstone ;  indeed,  so  exact  was  the  resemblance  in  that  respect  that 
It  a  short  distance  it  would  have  been  difficult  to  believe  that  such 
was  not  the  fJEtct  Unfortimately,  since  that  time,  a  quantity  of  sand 
has  been  removed  from  the  face  of  the  pit,  thereby  partially  obliter- 
ating the  details;  the  principal  features,  nevertlielcss,  were  easily 
diaoemible  a  few  weeks  ago,  when  I  last  visited  tlie  spot. 

The  section  has  a  longitudinal  extension  of  45  feet,  and  a  vertical 
depth  of  about  25  feet,  14  feet  of  the  lower  portion  being  almost 
entirely  composed  of  fine,  sharp,  stratified  red  sand  of  (accoixling 
to  the  classification  adopted  by  Prof.  Hull  and  Mr.  Scarles  Y. 
Wood,  jun.)  Middle  Drift  age,  conforming  very  closely  as  to  colour 
to  the  New  Bed  Sandstone  of  the  neighbourhood,  upon  which  it 
iBrts,  and  from  which  it  has  evidently  been  derived,  and  in  which, 
an  distribated,  in  considerable  numbers,  rounded  and  wator-wom 
pieces  of  coal,  in  some  places  massed  together  in  nests  or  pockets, 
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and  at  others  scattered  about  singly  in  the  sand  or  gravel.  The  over- 
lying beds,  having  an  aggregate  thickness  of  about  11  feet,  are  oom- 
posed  of  brown  and  mottled  clay,  sand,  and  gravel.  Running  along 
the  lines  of  bedding  and  faults  are  thin  layers  of  argillaceous  sand, 
about  half  or  three-quarters  of  an  inch  in  thickness,  which,  on  account 
of  possessing  a  greater  power  of  resistance  to  sub-aerial  degpradation 
than  tho  principal  body  of  the  sand,  give  a  degree  of  sharpness  and 
distinctness  to  the  section  but  rarely  witnessed  in  strata  of  this 
character.  It  is  further  noteworthy  that  die  faults  do  not  extend 
tlirough  tho  whole  vertical  depth  of  the  exposed  strata,  but  are  con- 
fined to  about  9  feet  in  thickness  of  the  subordinate  beds,  the  bed 
No.  8  presenting  the  appearance  of  arching,  or  curving,  over  the 
elevated  conical  jwrtion  near  tho  centre  of  the  section,  as  though 
that  division  had  been  forcibly  thrust  upwards,  and  partially  forced 
into  the  overlying  bed  at  a  time  when  it  had  only  recently  been 
deposited,  and  when,  for  want  of  pressure,  it  had  not  become  suffi- 
ciently consolidated  to  fracture  like  the  rest,  but  was  from  that 
cause  in  a  plastic  and  yielding  state.  The  supposition  that  the 
8U2)erincuiul.)ent  beds  of  clay,  sand,  and  gravel  wwe  deposited  at  a 
peiiod  subsequent  to  the  dislocation  of  the  subordinate  strata,  not 
only  fixes  the  time  of  its  occurrence,  but  also  accounts  for  the 
perfectly  undisturbed  character  of  these  upper  beds. 

Most  of  the  Drift  faults  described  in  tho  Geolooioal  Magaziki 
occur  in  strata  resting  upon  the  Cretaceous  formation,  and  it  has, 
witli  some  degice  of  probability,  been  suggested  that,  at  least  in 
snnii^  of  Hio  instances  mentioned,  the  appearance  of  faulting  may 
liavo  resnlUHl  from  subsidence  of  the  sui)erior  beds  into  caverns, 
or  liollows,  produced  in  the  calcareous  beds  beneath  by  the  me- 
chanical foroe  of  running  water,  or  the  chemical  action  of  tho  acids 
contained  therein.  This  suggestion,  although  worthy  of  the  fullest 
and  most  favourable  consideration,  in  those  instances  where  the 
Drift  immediately  reposes  uj^on  chalk  or  other  calcareous  rock, 
easily  oi)oratod  upon  by  the  agents  referred  to,  loses  its  foroe  when 
ai)plicd  to  those  of  an  arenaceous  character  like  those  at  Stockport 
wliicli.  as  is  well  kno^^ii,  are  almost  destitute  of  all  calcareous  in- 
gredients in  their  composition. 

Whether  tho  dislocations  here  encountered  extend  to  and  also 
affect  the  subordinate  Triassic  rocks,  it  is  impossible  to  say,  as  they 
are  concealed  frvim  view  by  other  and  lower  members  of  the  Drift 
fonnation  ;  but.  if  wo  may  judge  from  analogy,  no  reasonable  doubt 
can  exist  that  such  is  the  fact ;  indeed  it  is  difhcult,  if  not  impossible, 
to  conceive  of  any  other  way  in  which  they  can  have  been  produoed. 
under  tlie  circumstances  hero  stated,  than  by  a  sympathetic  action 
with  the  underlying  rocks. 

Whilst  writing  upon  the  subject  of  faults  in  Drift,  I  may  be  per- 
mitted to  refer  to  the  description  of  a  section  of  this  character  given 
by  Professor  Hull,  at  p.  182,  Vol  IV.  of  this  Magazine,  which  was 
exi)osed  to  view  during  the  progress  of  the  work  in  preparing  the 
^aito  for  the  New  Town  Hall  at  Bodidale  ;  the  origin  of  which 
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(although  Professor  Hull  declines  to  offer  a  decided  opinion  upon 
the  subject)  may,  I  conceive,  be  satisfactorily  accounted  for  on  the 
following  ground,  without  having  recourse  to  the  supposition  of 
their  having  been  caused  by  the  disturbance  of  the  subjacent  PalsBO- 
zoic  strata,  an  hypothesis  which  the  author  seems  inclined  to  favour. 
During  the  time  the  section  was  exposed  I  had  frequent  oppor- 
tunities of  visiting  the  spot,  when  my  attention  was  attracted  to 
the  disturbed  condition  of  the  beds,  the  nature  of  which  was 
described  in  the  notice  referred  to.  The  section  occurred  on  the 
face  of  what  wsts  formerly  a  steep  slippery  bank  of  considerable 
elevation,  at  the  foot  of  which  the  river  Roach  now  runs,  and  at  a 
place  where  that  river  formerly  made  a  considerable  b^id  to  the 
south  of  its  present  course:  thus  giving  rise  to  a  sort  of  obtuse 
promontory,  around  two  sides  of  which  the  water  would  then  flow, 
and  against  which  it  would  in  times  of  flood  be  projected  with  am- 
siderable  force,  and  that  too  at  a  time  when  it  was  not  confined  to  a 
particular  course  by  artificial  means.  Under  these  circumstances  it 
is  more  than  probable  that  the  faults  here  observed  are  attributable 
to  the  undermining  and  destructive  influence  of  the  water  at  the 
base  of  the  cliff,  aided  by  the  percolation  of  the  surface  water  and  the 
soft  loamy  and  clayey  character  of  some  of  the  beds,  causing  a  series  of 
subsidences  or  laud-slips  to  take  place.  The  force  of  this  supposition 
will  bo  rendered  more  apparent  by  referring  to  the  explanatoiy 
sketch  accompanying  Prof.  Hull's  paper,  where  the  strata  are  repre- 
sented as  being  let  down  by  three  successive  steps  in  the  direction 
of  the  river. 

"Whether  this  view  be  accepted  or  not,  I  trust  it  will  be  found 
deserving  of  careful  consideration  as  offering  a  feasible  and  probable 
explanation  of  the  phenomena. 

The  sketch  of  the  section,  given  on  page  119,  although  not  drawn 
exactly  to  scale,  is  approximately  correct. 

EXPLANATION  OF  SECTION  ON  PAGE  119. 

ft.    in. 
No.  1.    Bed  sand  with  indistinct  wavy  lines  of  bedding     6      0 

2.  Argillaceous  sand       ...     ...  8 

3.  Sand  with  a  thin  layer  of  fine  grayel  at  the  bottom,  resting  on 

No.  2.,  containing  water- worn  bit^  of  coal 1      0 

4.  Argillaceous  sand       3 

0»  Ob  D.        OaUQ...  ...        ...        ,,,        ,,.        ,,,        ,,,        ,,,        ...        ,,,        ,.,        ,,,  s  %l 

*•      i^ uic  ^ruvci...      ...      ...      ...      ...      ...      ...      ...      ...      ■••      ...  o 

8.  Fine  sand  with  irres;ular  discoloured  lines  running  through  it      6      6 

9.  Stiff  brown  clay  inclosing  boulders  and  pebbles  much  mottled 

with  green  streaks  ana  patehes    ... 

10.  Sand,  in  places  mixed  with  gravel   ... 

11.  Clay,  witn  a  few  pebbles   ... 
iZt    ctana    ...     ...     ,..     ...     ... 

13.    Fine  Gravel  (say  2  to  3  feet  thick) 


...     .*•  .. 

.*•  •• 

.*•     .••     ...  .. 

•• .     *• .  • « 


..  ••.  ... 
..  *..  •*• 
••     ...     ... 


••     «*• 


8  0 

2  0 

1  0 

2  6 
2  6 


Total    25      3 
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VL — Ok  thb  OocraRENCE  of  Websterite  at  Bbighton. 

By  S.  0.  Pbucetal,  F.U.S. 

AX  the  30th  July  last  year  I  observed  that  a  deposit  of  Websterite, 
\J   sabstdphate  of  alumina,  had  been  out  into,  in  exoavating  for 
the  new  system  of  drainage  in  the  Montpelier  Boad  opposite  the 
loath  end  of  Yemon  Terrace.    It  occurs  at  a  depth  of  16  feet  from 
the  surface  of  the  road,  beneath  a  ferruginous  deposit  of  varying 
dq)th,  which  overlies  the  chalk  on  the  summit  of  the  hill,  consisting 
of  ochreous  day  with  occasional  flint-breccia  and  masses  of  hfematito^ 
iiOD  ore  in  some  instances  mammillated  and  associated  with  crystals 
of  aelenite.     The  iron  ore  is  occasionally  friable  and  of  a  cindery 
ippearanoe,  containing  in  its  cavities  angular  pieces  of  chalk  and 
ooQssional  groups  of  crystals  of  sclenite.    The  deposit  of  Websterite 
II  about  three  feet  wide  at  its  junction  with  the  overlying  ferru- 
ginous mass,  narrowing  as  it  descends,  apparently  occupying  a  fissure 
in  the  chalk,  which  has  at  some  time  been  filled  with  clay,  or 
hn  been  formed  by  some  decomposing  action  on  the  chalk,  the 
duJk  intruding  ocoasionally  into  the  vein  of  Websterite.      The 
BUDend  varies  much  in  colour  and  appearance,  consisting  in  some 
pUoes  of  a  soft  white  powder,  which,  I  am  informed  by  Sir  W.  C. 
Trevdyan,  he  has  observed  in  specimens  at  Newhaven,  and  which 
he  has  ascertained  by  the  microscope  to  consist  entirely  of  minute 
transparent  crystals,  the  nature  of  which  he  believes  has  not  yet 
been  investigated ;  sometimes  in  masses  of  various  size  presenting 
the  appearance  of  meerschaum,  compact  and  structureless,  or  some- 
what botiyoidal  in  form,  occasionally  presenting  a  concentric  struc- 
ture, and  rarely  and  only  in  a  certain  portion  of  the  deposit  exhibit- 
ing spherical  concretions  with  a  radiating  stnicture.     Specimens  of 
these  various  forms  I  have  presented  to  the  Britisli  Museum.     A 
niass  of  yellow  clay  with  imbedded  chalk  flints  divides  the  simimit 
of  the  vein  of  Websterite,  and  near  the  clay  the  mineral  assumes  the 
character  of  allophane,  having  a  yellow  ivory-like  api)earance,  to- 
wards tlie  chalk  forming  the  wall  of  the  vein  of  Websterite.     Tlie 
Wall  of  the  vein  is  marked  by  a  dark  lino  caused  by  the  association 
of  a  soft  black  substance,  oxide  of  manganese,  with  the  Websterite. 
The  deposit  of  Websterite  which  was  exposed  in  the  Montpelier 
Boad  was  again  met  with  at  about  the  same  depth  in  Clifton  Hill, 
near  its  junction  with  the  former.     Hero  the  mineral  was  associated 
with  a  hard  white  breccia  apparently  composed  of  a  mixture  of  sub- 
sulphate  of  alumina,  with  gypsum,  and  with  occasional  imbedded 
cli^k  flints.     The  hsBmatite  or  manganese  was  also  developed  in 
oonnexion  with  this  formation. 

A  deposit  of  Websterite  has  also  been  met  with  opposite  Powis 
Villas,  at  no  great  depth  in  the  chalk,  consisting  of  a  horizontal 
layer  about  a  foot  thick,  differing  much  in  appearance  from  that  in 
the  Montpelier  Koad,  having  apparently  been  more  uniformly  crystal- 
lized and  of  a  less  heterogeneous  character  than  the  former,  con- 

1  Limonite?    Edit.  Geul.  Mao. 
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siderably  harder,  and  of  a  milky  colour.  The  exterior  of  the  deposit 
was  coated  with  a  hard  black  rind,  much  resembling  the  charred 
bark  of  a  tree.  Black  grains  of  the  same  substance  in  a  soft  powdery 
state  permeated  the  mass,  which  had  a  cellular  and  towards  the 
exterior  a  somewhat  fibrous  character.  The  general  appearance  of 
the  mineral  was  highly  suggestive  of  a  vegetable  orig^  Pieces 
with  the  rind  attached,  and  having  a  fibrous  structure,  much  re- 
sembled portions  of  a  gigantic  cocoa  nut  Two  specimens  were  ob- 
tained from  the  same  place,  which  have  been  secured  for  the  Brighton 
Museum,  which  were  mistaken  for  the  stems  of  fossil  trees,  being  in 
the  form  of  a  trunk,  and  described  by  Mr.  J.  Howell,  of  Brighton, 
as  '^  six  inches  in  diameter,  the  bark  changed  into  lignite,  and  me- 
dullary rays  diverging  from  the  centre."  The  substance  on  the 
exterior  of  the  specimens,  which  so  much  resembled  lignite,  has  been 
examined  by  Dr.  Flight,  of  the  British  Museum,  and  has  been 
found  to  consist  of  manganese  with  a  certain  proportion  of  cobalt. 
Both  opposite  Vernon  Terrace  and  at  this  locality  a  layer  of  chalk 
flints  was  continuous  through  the  deposits  of  Websterite,  proving 
that  the  original  substance  which  has  been  replaced  by  the  Websterite 
was  contemporaneous  with  the  chalk.  A  considerable  number  of 
8i>eoiinen8  from  the  excavations  in  the  Montpelier  Bead  and  Clifton 
Hill  I  have  presented  to  the  Museum  of  Practical  Geology  in 
Jormyn  Street,  and  to  the  Brighton  Museum.  The  discovery  of  the 
Websterite  I  communicated  to  Mr.  T.  W.  Wonfor,  of  the  Brighton  and 
Sussex  Natural  History  Society,  and  to  Mr.  J.  Howell,  of  7,  Guild- 
ford Road,  who  have  since  investigated  the  deposits,  and  have  brought 
a  notice  of  it  before  the  Brighton  Society.  The  finest  examples  of 
this  mineral  which  have  been  obtained  firom  Newhaven,  and  which 
were  collected  by  Mr.  H.  Catt,  of  Brighton,  are  in  tiie  Pavilion 
Museum,  and  are  mentioned  in  ''Merrifield's  Natural  History  of 
Brighton." 

No  doubt  many  deposits  of  the  mineral  have  been  met  with  and 
overlooked  in  excavating  for  the  foundation  of  houses  in  this  part 
of  Brighton. 

ITOTIOES      OIF      3i^E3i^OIE.S. 
L — On  some  opbrculatbd  Corals,  Silubian  and  Beosnt. 

By  Dr.  Gustaf  Lindstbom,  Wisby,  Isle  of  Gotland. 

DUEINQ  the  spring  and  summer  last  year,  T  received  two  speci- 
mens of  the  very  remarkable  four-sided  Bugose  Coral  Gonio- 
phyUum  pyramid<de,  His.,^  by  which  quite  unexpected  elucidations 
concerning  the  nature  of  the  opercular  apparatus  of  this  coral  were 
gained.  These  specimens  are  still  provided  with  the  operculum, 
almost  complete,  in  its  original  position.     Far  from  consisting  of 

1  For  fig^es  and  other  details  concerning  it  and  some  of  its  congenen,  I  may  refer 
to  a  paper  in  <*  Ofversigt  Yetenskaps-Akademiens  Forhandlingar,"  1865,  p.  271, 
PL  XXX.  and  xxxi.,  of  which  a  translation  is  given  in  the  Gsolooigal  liAOAiiir& 
1866,  YoL  UI.,  page  866,  PL  XIY. 
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onlj  one  Talve,  as  in  the  kindred  genera  Caleeola  and  Bhizophyllum, 
h  IB  composed  of  four  Talves,  attached  one  to  each  side  of  the  pyra- 
mid.   T^ese  four  valves  form  two  pairs,  as  the  opposite  valves 
nwmhle  each  other.    They  meet  with  their  apex  in  the  centrum  of 
ihe  coral,  and  overlapping  each  other  in  a  sort  of  spiral  way,  to  be 
described  further  on,  they  completely  close  the  calice  of  the  coral. 
In  the  specimen  I  first  received,  all  four  valves  are  left  in  their 
phoe,  and  although  two  are  sunk  in  the  calice  and  somewhat 
crashed,  their  outline  may  still  be  seen.    In  the  other  specimen, 
only  three  valves  are  left  behind.     By  this  material,  together  with 
nives  found  detached,  a  sufficiently  accurate  opinion  of  tlie  shape  of 
this  curious  apparatus  may  be  formed.     Those  valves  that  are  at- 
tadhed  to  tbe  bottom  side  (that  on  which  the  coral  rests  when  in  its 
I     natural  position),  and  to  the  opposite  or  the  uppermost  side,  have  a 
I     tnpezoidal  shape  (See  Fig.  6,  PI.  XIV.,  Geol.  Mag.,  18G6).    The 
I      VBlves  of  the  left  and  the  right  side  are  both  triangular.    Tlie  lateral 
I      borders  of  all  the  valves  are  slightly  curved,  rarely  straight    Along 
the  middle  of  their  outside  a  groove  runs  from  the  nucleus  to  tlie 
apex.    It  is  broad  and  flat-bottomed  in  the  trapezoidal  valves,  and 
ite  section  forms  only  an  obtuse  angle  in  the  triangular  ones.     The 
fint  and  original  part  of  the  bottom  valve,  or  what  is  called  its 
nucleus,  is  circular ;  then  it  acquires  a  semicircular  shape,  and  this  is 
again  surrounded  by  other  lines  of  growth  giving  the  final  trape- 
zoidal outline.     The  nuclei  of  the  other  valves  aro  from  their  first 
origin  already  of  the  triangular  or  trapezoidal  shape.     Thus  tlie 
saocessive  changes  in  the  shape  of  the  opercular  valves  are,  I  think, 
(^rly  indicated.     As  the  valves  during  their  growth  increase  faster 
at  the  apical  than  at  their  basal  part,  the  nucleus   comes  more 
closely  to  the   basal   line,   and   lies  below  the    centrum   (fig.  6, 
pi.  XXX.  in  Ofversigt  Vet.  Ak.  Forhandl.,  1865).     Excepting  the 
lines  of  growth,  no  other  sculpture  is  to  be  discerned.     The  dimon- 
Qons  of  the  different  valves  are  in  the  most  complete  specimen  as 
follows,  viz  :— 

Basal  line.  Length  from  Basal  line  to  apex. 

Bottom  valve        20  ^^  somewhat  more  than  10  "•"• 

Left-side  valve      17  „  10  „ 

Uppermost  valve  16   „  10  „ 

Kight-side  valve   15   „  9   „ 

Hence,  the  bottom  valve  is  the  largest,  and  tlio  other  valve 
decrease  in  size  as  they  are  remote  from  that  in  a  direction  towards 
left.  The  left-side  valve  covers  with  its  right  border  the  left  border 
of  the  bottom  valve,  and  it  is  itself  in  the  same  way  covered  by  the 
left  border  of  the  uppermost  valve,  whilst  the  valve  of  the  right  side 
reposes  with  both  its  borders  on  the  adjoining  borders  of  the  upper- 
most and  the  bottom  valve.  So  that  the  last-mentioned  valve  is  situated 
beneath  the  three  others  with  its  borders,  and  its  truncated  apex  is 
hidden  far  below  the  apex  of  the  opposite  valve.  I  now  suppose 
that  the  situation  and  the  size  of  the  dificrent  valves  signify  their 
different  age  and  origin  in  such  a  way  that  the  largest  and  deepest 
situated  is  the  oldest,  and  for  a  time  the  only  valve  existing  that 
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was  sufficient  to  cover  the  incipient  coraL  The  shape  of  its  m 
as  described  above,  is  in  accordance  with  such  a  suppositic 
nucleus  being  at  first  quite  circular,  as  the  calice  of  the 
itself  was.  The  specimen,  which  is  still  covered  by  its  open 
is  at  its  basis  cylindrical,  then  acquires  a  semiconical  shape,  1 
one  side  flat — the  bottom  side — and  one  convex.  First,  at  a  di 
of  9°^  from  the  basis,  the  whole  length  of  the  coral  being  16™ 
quite  four-sided.  The  bottom  valve  is  the  only  one  that  ie 
pletely  homologous,  as  to  its  interior  surface,  to  the  single-' 
operculum  of  the  genera  Ccdceola  and  Bhizophyllum,  as  I  endear 
to  point  out  in  my  former  paper.  Its  median  ridge  is  very 
and  it  is  at  the  basal  or  cardinal  line  above  that  ridge  provider 
a  pit  into  which,  just  as  in  Calceola,  no  doubt  the  blunt  e( 
the  corresponding  calicular  septum  has  been  inserted.  The  \ 
most  valve,  on  the  contrary  (pi.  xxx.,  fig.  8,  in  Ofversigt  ' 
skaps-Akademiens  Forhandlingar),  has  a  very  large  median 
larger  than  in  any  of  the  other  valves,  and  this  large  prom 
corresponds  with  the  deep  septal  groove  in  the  calice.  The  triai 
valves — those  of  the  left  and  right  side — are  quite  similar  t 
other,  and  resemble  also  the  uppermost  valve,  although  the  i 
ridge  is  not  so  prominent.  The  valves  are  with  their  basal  or 
line  80  closely  affixed  to  the  borders  of  the  calice,  that  no  opei 
seen,  excepting  in  one  of  the  crushed  valves,  which  is  a  little 
80  as  to  show  how  the  teeth-like  prominences  on  the  val*^ 
lodged  in  the  interstices  between  the  uppermost  edges  of  the  » 

In  the  Proceedings  of  the  Eoyal  Academy  of  Sciences  in 
holm  (Ofversigt  Vet.  Ak.  Forhandlingar),  1868,  page  421,  j 
fig.  4,  5,  I  described  a  new  species,  Cystiphyllum  prismaticw 
I  also  then,  as  well  as  in  my  first  paper  on  the  Corals  (Geol. 
1866,  page  411,  PI.  XTV.,  Fig.  22,  23),  gave  a  description 
operculum.     This  coral  is  formed  as  an  obtusely  four-sided  ; 
and  has  now  been  found  in  sufficient  numbers  to  show  no 
that  the  animal   shed  its  operculum,  and  formed  a  new   c 
intervals,  some  bearing   two  opercular  valves  above  each 
affixed  to  the  same  side  below  the  calicular  rim,  but  also  t1 
calice  was  closed  by  several  valves  on  diffiirent  sides,  these  beii 
attached  to  at  least  two  sides  in  some  specimens.     But  it  cannc 
be  decided  whether  there  wore  only  four  valves,  as  in  Goniopl 
in  accordance  with  the  four-sidedness  of  the  coral,  or  more. 

It  is  of  great  interest  to  find  that  these  Palaeozoic  operc 
corals  have  their  counterparts  among  the  recent  corals.  PSrof. 
liker  in  1866,  in  his  "loones  Histiologicse,"  2te  AbtheiL  ] 
p.  135,  described  an  operculum  consisting  of  eight  valves  in 
species  of  the  genera  Primnoa  and  Paramurtcea.  Such  sped 
cording  to  him,  are  Primnoa  lepadifera,  L.,  and  Param.  placon 
Through  the  great  kindness  and  liberality  of  Prof.  S.  Lov^n, ! 
been  enabled  to  examine  specimens  of  both  these  species,  as  v 
of  Primnoa  verticiUaris,  L.,  and  of  an  undescribed  species  of  the 
^aiyptrophoray  J.  £.  Gray  (Proceed.  Zool.  Soc.,  1866,  p.  25] 
Bkram.  plaamus  and  Primnoa  verticillaris  these  operciQa  are  i 
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plete,  bemgonly  composed  of  valves  of  two  long  anil  narrow  sclcrites, 
wiuch  do  not  close  the  month  of  the  calice.     Primn,  Upadifera  and 
tbe  Oalyplrophara,  on  the  contrary,  have  a  complete  operculum,  and 
they  agree  in  several  points  with  Goniophyllum,     The  valves  in  all 
thue  are  triangular,  and  cover  completely  the  top  of  the  i>olypary, 
in  snch  a  way  that  some  valves  repose  with  their  borders  on  those 
of  the  others.     As  is  the  case  in  GnniophjUnm  the  median  line  of 
the  outside  of  the  valves  is  deepened,  and  to  this  channel  or  groove 
in  elevated  ridge  corresponds  on  the  interior  surface.     Tliis  ridge 
in  the  Primnoas  is  a  fulcrum  to  muscles  from  the  basis  of  the  tenta- 
cula.    In  other  respects  there  is  not  much  similarity  between  the 
Plikeosoic  and  the  recent  species,     llio  o^^ercular  valves   of  the 
Priinnos  have  grown  in  a  radial  way,  the  calcareous  bodies  radiat- 
ing tow^urds  all  sides  from  a  nucleus,  or  centrum,  situated  at  the 
lower  side  of  the  operculum.     In  the  Eugosa,  again,  the  growth  has 
been  concentric,  each  new  layer  being  added  around  the  i)reviou8. 
Moreover,  no  traces  of  spiculas  or  calcareous  bodies  are  seen,  \\\{\  oper- 
culum and  the  coral  are  made  up  of  homogeneous  matter,  and  there  is 
no  reason  to  believe  that  the  original  structure  has  been  obliterated 
bj  external  metamoq)hosing  agencies.      Other  fossili^,  lirachiopoda 
and  Perforate  Corals,  in  the  same  stratum,  retain  the  most  minute 
detafls  of  their  characteristic  microscopical  structure  unaltered,  and 
metamorphosing  agencies  affect  generally  all  fossils  in  the  same 
Btratum.     The  opercular  valves  of  the  Primnooe  are,  in  all  proba- 
bility, morphologically  identical  with  the  scales  that  cover  the  i>olyp 
all  round,  to  which  they  bear  a  close  resemblance,  being  entirely 
composed  of  the  same  sort  of  calcareous  bodies,  arranged  in  the  same 
radial  manner.     If  this  scaly  covering  of  the  polyp  is  on  cctoder- 
mic  secretion,  the  calcareous  spiculao  that  are  sciittered  so  abundantly 
in  the  interior  of  the  soft  parts  of  the  animal,  and  which  are  (piite 
dissimilar  to  the  sjiiculaj  {''  KalkkOrper"  Koelliker)  that  compose 
the  scales  and  the  oi)ercular  valves,  idone  represent  in  the  Prininoa) 
the  sclerenchyma  or  the  iK)l}'parium  proper  of  other  Anthozoa.     I 
think  there  exists  some  sort  of  homology  to  these  ectodermic  scales 
of  the  Primnofe  amongst  the  Kugosa  in    Cyathophyllum  {VhoUilo- 
phyllum.  n.g.),  Z^ortWEdw.  and  H.*    Specimens  of  this  very  conmion 
and  widely  distributed  fossil  show,  when  in  a  good  sttite  of  presci*va- 
tion,  a  tliick  covering  of  smjdl  (i*"""),  very  thin    scales,  tightl}' 
clustered  together  in  longitudinal  rows  along  the  costoi.     There  are 
two  rows  of  scales  on  each  costa,  this  being  indeed  double  or  divided 

1  The  authors  of  tliis  spocios  themselves  doubt  its  belongin"^  to  the  ;icnus  f'yatho- 
phyllum  (Hist.  Nat.  Cor.  III.,  p.  3G7,  Urit.  Foss.  Corals,  p.  280,  pi.  60,  fi^'.  2),  In 
thu  Yh«.'y  are  quite  rij^ht,  as  it  does  not  in  any  way  coincide  with  the  species  commonly 
considered  as  Cyathophvlla.  It«  strnn^(.>  exothecal  coTcrinjif  in  scaly  rows,  its  septa, 
its  well-deYiflopcd  tabulic,  its  double  costa\  and  the  complete  want  of  dihsopimental 
structure  between  the  septa,  justify  my  forminj^  a  new  ^enu*;  out  of  it,  which  I  propose 


from  whence  Ludwig,  in  Palajontopraphica,  vol.  xiv.,  pi.  47,  fig.  3,  aud  pi.  51,  fig,  4, 
hai  obtained  it  and  named  it  Tmniocpathua  and  Tteniokpiu  spinoM. 
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into  two  halves  by  a  shallow  furrow.  ThuSy  each  moiety  of  the 
costa  is  provided  with  its  row  of  scales.  The  adjoining  rows  of  the 
same  costa  meet  in  an  obtuse  angle,  the  point  directed  downwards. 
This  position  of  the  scales  on  the  theoa  or  epitheca  of  the  ooral  givee 
them  an  ezothecal  character,  and  reminds  one  of  the  corresponding 
position  of  the  many  opercular  valves  left  on  the  epitheca  of  C^<<t- 
phyllum  prUmaticum,  as  well  as  sometimes  on  that  of  Goniophyllum 
pyramidale  (See  Oeol.  Mao.  1866,  PL  XIY.,  Fig.  4  o,  and  Ofvers. 
Yet.  Ak.  Forh.,  1868,  pi.  vi.  fig.  4).  I  am  therefore  inclined  to  think 
that  the  opercula  of  the  Rugose  Corals,  although  much  diversified, 
are  secretions  of  an  ezothecal  nature,  homologous  to  the  small  scales 
of  PhoUdophyUum  LovSni,  and  perhaps  also  to  the  scales  and  oper- 
cular valves  of  the  Primno». 


n. — The  Geological  Survey  of  India. 

Memoirs  of  the  Oeological  Surrey  of  India.    VoL  VII.,  Part  2.    1870. 
Records  of  the  Geological  Surrey  of  India.    Vol.  III.,  Part  4.    1870. 

THIS  Part  of  the  Memoirs  contains  two  reports  hy  Mr.  T.  W.  H. 
Hughes,  F.G.8.,  etc. 

1.  On  the  Kurhurhari  Coal-field. — ^This  coal-field,  situated  in  the 
district  of  Hazaribagh,  although  one  of  the  smallest  in  the  Indian 
empire,  has  for  many  years  attracted  public  attention,  owing  partly 
to  the  superiority  of  its  coals  to  those  from  any  of  the  fields  in  the 
Damuda  valley,  and  partly  to  its  position  as  a  source  whence  to 
supply  the  wants  of  the  East  Indian  Bailway  and  the  larger  towng 
west  of  Dinapore.  It  occupies  an  area  of  about  eleven  square  miles, 
in  which  occur  the  Talchir  and  Damuda  series,  and  also  two  inlien 
of  crystalline  or  metamorphic  rocks.  The  area  is  bounded  by 
crystalline  rocks.  The  distribution  of  these  rocks  is  shown  on  a 
small  geological  map,  drawn  to  the  scale  of  one  inch  to  the  mile. 

The  Talchir  series  occupies  but  a  small  portion  of  the  field ;  it 
consists  of  conglomerates,  shales,  and  sandstones,  without  coaL 

Of  the  Damuda  series,  only  the  lowest  or  Barakar  group  is  repre- 
sented. This  group  comprises  pebbly-beds,  grits,  and  sandstones, 
with  beds  of  carbonaceous  shale  and  seams  of  coaL  The  structure 
of  the  coal-field  is,  roughly,  Uiat  of  a  basin.  Trap-dykes  occur  in 
great  frequency,  and,  of  course,  will  have  impaired  the  coal  through 
which  they  pass. 

There  are  not  more  than  three,  or  at  most  four,  workable  beds  ol 
coal,  and  it  is  chiefly  with  a  full  description  of  these,  at  the  different 
localities  where  they  crop  out,  or  have  been  already  worked,  thai 
this  Memoir  is  occupied. 

The  principal  seams  exhibit  an  irregularity  which  is  characteristic 
of  the  Barakar  group.  Mr.  Hughes  estimates  eighty  millions  of  toni 
as  being  the  probable  amount  of  coal  available  in  this  field. 

2.  On  the  Deoghur  Coal-fields. — Tlie  name  Deoghur  is  applied 
generally  to  three  outliers  of  coal-measures  which  occur  in  the 
neighbourhood  of  the  Adjai  Biver,  to  the  east  of  the  Kurhurbari 
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oiil-fidda.  Hieae  oatlien  were  so  long  ago  as  1853  pointed  out  by 
the  Geological  Sorvev,  but  only  recently  the  increased  facility  of 
OQDmnnication  with  Calcutta  and  the  provincial  towns,  afforded  by 
the  oQnstmotion  of  a  railway  from  Sitarampur  to  Lakki  Serai,  sug- 
gested the  possibilily  of  working  the  coal.  A  further  examination 
of  the  zxicks  to  determine  this  question  shows,  however,  that,  owing 
to  the  poor  quality  of  the  coal  and  the  limited  area  over  which  it 
oocnrs,  no  successful  competition  with  the  Eurhurbari  field  could  be 
offriedoiu 

This  Number  of  the  Becords  contains  two  papers : — 

1.  On  the  Geology  of  Mount  TQla  in  the  Punjab,  by  A.  B.  Wynne, 
P.G.8. 

This  hill,  which  rises  to  the  height  of  3,242  feet  above  the  sea,  is 
A  very  striking  feature  in  the  country,  and  mainly  so  through  great 
dislocations  of  the  stratified  rocks  of  which  it  is  composed,  whereby 
bedfl  of  greater  or  less  hardness  are  placed  in  abnormal  contact  with 
others  possessing  different  degrees  of  resistance  to  disintegrating 
forces.  The  rocks  include  Tertiary  (Sivalik)  beds,  Nummulitic 
limestone,  and  beneath  them  a  considerable  thickness  of  calcareous, 
ihaly  beds,  and  sandstones.  The  lofty  portion  of  the  ridge  of  Mount 
191a  coincides  with  a  fractured  anticlinal  ciuvature  of  the  strata, 
while  along  its  south-eastern  side  three,  if  not  four,  step-like  faults 
icpeat  some  portions  of  the  strata.  This  interesting  structure  of 
XoQnt  Tilla  is  illustrated  by  a  Sketch-map  and  Section. 

2.  Reports  on  the  Copper  Deposits  of  Dhedhhum  and  Singhhhum,  by 
T.  BaU  and  EmU  Stoehr.^ 

The  copper  ores  occur  for  the  most  part  in  a  zone  of  schists, 
ntnated  near  the  base  of  the  sub-metamorphic  rocks.  These  ores 
have  been  repeatedly  worked  by  the  ancients,  as  numbers  of  old 
eicavations  testify,  and  Mr.  Ball  is  of  opinion  that  the  earliest 
workers  were  an  Aryan  race  called  Seraks. 

In  regard  to  the  mode  of  occurrence  of  the  copper,  it  seema 
probable  that  in  Singhhhum  it  occurs  both  in  lodes  and  as  a  deposit 
disseminated  through  the  rooks. 

Two  companies  have  of  lato  years  been  formed  to  work  the  mines, 
and  both  have  fistiled.  Nevertheless,  the  authors  think  that  copper- 
mining  might  be  profitably  carried  out;  l^ut  for  that  purpose  such 
colossal  companies  as  these  were  not  suited.  H.  B.  W. 
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PROFESSOR  0.  C.  Marsh,  of  New  Haven,  Conn.,  U.S.A..  has  recently 
returned  from  an  extensive  tour  in  the  Rocky  Mountain  region 
for  palaBontological  purposes,  and  has  enriched  the  shelves  of  the 
Geological  Peabody  Museum  of  Yale  College  with  a  crowd  of  mag- 
nificent specimens,  besides  adding  largely  to  the  list  of  American 
fossils.  His  party  consisted  of  thirteen  amateurs  and  students, 
besides  numerous  guides  and  an  occasional  military  escort.      They 

^  The  Mining  Geologist  to  the  Singhhhum  Copper  Company. 
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wore  in  the  field  more  than  five  months,  in  Eansafl,  Nebraska 
Colorado,  and  Utah.  The  Union  Pacific  Railroad  formed  JJieir  base 
of  operations,  from  which  they  made  excnisions  both  to  the  nortli 
and  south,  one  or  two  hundred  miles.  In  the  midst  of  wild  beasti 
and  still  more  dangerous  savage  Indiana,  their  path  was  beset  with 
difficulties  and  fraught  with  adventure.  The  scientific  results  of  the 
expedition  will  be  published  as  soon  as  possible. 

The  fossils  obtained  in  Nebraska,  Utah,  and  Colorado  were  chiefly 
from  the  "  Loup  River  "  Pliocene  and  the  "  Mauvais  Torres  "  or  the 
Miocene,  both  deposits  formed  l)eneath  enormous  fresh-water  lakes, 
whose  banks  were  tenanted  by  many  of  the  peculiar  Pachyderms  of 
the  Paris  Basin.  The  number  of  American  fossil  horses — some 
of  them  contemporary  with  the  earliest  human  tribes,  but  now 
entirely  extinct — ^has  been  enlarged  to  eighteen.  One  of  them  is 
allied  to  the  Htpparion,  and  another  is  a  pigmy  only  two  feet  high. 
The  well  at  '*  Antelope  Station  "  (U.P.R.R.),  an  excavation  ten  feet 
in  diameter  and  only  eight  feet  deep,  has  furnished  specimens  of 
fifteen  mammals  I  Four  of  these  are  horses,  two  rhinoceroses,  an 
animal  allied  to  the  boar,  two  camels,  and  three  large  oamivorei. 
The  Miocene  strata  were  found  two  hundred  miles  further  south 
than  they  liad  been  noticed  previously.  Much  additional  inform- 
ation was  obtained  about  the  Titanotherium  Prouiii ;  tending  to  show 
that  it  was  only  half  as  large  as  originally  described. 

The  most  important  expedition  of  the  summer  was  along  the 
main  tributaries  of  the  Colorado  River  in  Utah,  a  region  hitherto 
unexplored  by  scientific  men.  It  proved  to  be  a  Miocene  country, 
formerly  one  of  those  enormous  fresh-water  lakes,  abounding  in 
crocodiles,  serpents,  turtles,  and  fishes.  At  one  point  of  view  eleven 
fossil  turtles  could  be  seen  at  once  without  turning  the  heed. 
Rhinoceroses  and  various  other  mammals  of  the  warmer  regions 
seem  to  liave  frequented  the  shores  of  this  ancient  lake.  Numerous 
specimens  illustrating  tlie  anatomical  structure  of  the  Mosasauroid 
reptiles  were  exhumed  in  Kansas ;  after  which  the  party  disbanded 
and  returned  homo.  This  Rocky  Mountaia  region  is  wonderfully 
inviting  with  its  stores  of  Pachyderms  and  fresh- water  reptiles,  and 
no  industrious  collector  can  fail  to  be  liberally  rewarded  by  a  visit 
Not  a  hundredth  part  of  the  region  has  yet  been  carefully  explored. 

C*  H.  M« 


IV. — ^Report  on  the  Testaceous  Mollusga  obtained  durinq  a 
Dredging  Excursion  in  the  Gulf  of  Suez,  in  the  Months 
OF  February  and  March,  1869.     By  Robert  M'Andrew. 
[Annals  and  Magazine  of  Natural  History,  December,  1870.] 

THE  dissimilarity  between  the  fauna  of  the  Red  Sea  and  that  of 
the  Mediterranean  has  attracted  much  attention  from  naturalists; 
and  this  fact,  combined  with  the  more  or  less  distinct  character  of 
the  deposits  now  fonning  over  the  bottoms  of  the  two  seas — that  in 
the  Bed  Sea  being  essentially  calcareous,  while  at  the  mouth  of  the 
Nile  the  deposit  is  chiefly  sand — has  bearings  of  much  importanoe 
to  the  geologist. 
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HiiTiDg  some  time  previously  been  struck  with  the  novelty  of 
ipedes  of  HoUuaca  ooourring  on  the  shore  of  the  Qulf  of  Suez,  Mr. 
IT'indrew  determined  to  go  again  and  make  some  detailed  obser- 
Titions  on  the  marine  fauna.  Aooordingly  in  1869,  accompanied  by 
Mr.  Edward  Fielding,  he  proceeded  to  Suez,  and  devoted  six  weeks 
to  dredging  along  the  coast  of  the  Sinai  peninsula.  The  results  of 
hit  investigations  are  communicated  in  the  Beport  now  before  us. 
Hie  total  number  of  species  of  Mollusca  obtained  amounts  to  81 S, 
of  wiiich  619  have  be^  identified  or  described,  the  remaining  1 99 
being  still  undetermined.  355  of  the  species  have  not  been  pre- 
nootly  recorded  as  inhabiting  the  Red  Sea ;  and  of  these,  fifty-three, 
iodnding  three  genera,  are  new  to  science,  and  have  been  described 
bj  Messrs.  H.  and  A.  Adams.  Most  of  the  undetermined  si>ecics 
inH,  it  is  expected,  prove  to  be  new. 

Professor  Issel,  of  Genoa,  in  a  recently-published  work  upon  the 
ihells  of  the  Bed  Sea,  enumerates  but  640  species  of  recent  Mollusca 
from  the  whole  area — a  fact  which  speaks  well  for  the  important  re- 
mits that  have  been  obtained  by  Mr.  M*Andrew ;  while,  in  addition  to 
Mollusca,  he  lost  no  opportimity  to  collect  specimens  of  Echinodermata, 
Gnwtaoea,  Ck>nils,  etc.,  accounts  of  which  will  probably  be  published. 

Mr.  M'Andrew  observes  that  further  researches  only  tend  to  con- 
firm the  distinction  between  the  Bed  Sea  and  Mediterranean  species 
of  MoUnsca,  so  that  a  barrier  between  the  seas  must  have  existed 
from  very  remote  time.  This,  however,  is  quite  consistent  with 
hofessor  Issel's  statement,  that  an  examination  of  tlie  geological 
conditions  of  the  Isthmus  leads  to  the  conclusion  that 'the  two  seas 
vere  united  dnring  the  Eocene  and  Miocene  periods. 

What  influence  the  Suez  Canal  may  have  in  modifying  the  dis- 
tiilmtion  of  the  forms  of  life,  is  at  present  a  source  of  much  interest. 

H.  B.  W. 


L-— Bepobt  on  the  Pbesent  Condition  op  the  Geological  Subvet 
or  THE  Colony  of  Victoria.     (Melbourne,  1870.) 

A  SHORT  time  ago  we  had  occasion  to  notice  the  termination  of 
the  Geological  Survey  of  Victoria,  which  had  for  a  long  period 
been  most  ably  conducted  by  Mr.  A.  E.  C.  Sclwyn.  The  suddenness 
of  the  course  taken  by  the  Colonial  Government  created  much  sur- 
prise, and  considerable  regret  was  felt  that  the  Survey  of  a  Colony, 
80  important  in  its  economic  bearings,  should  be  left  in  an  unfinished 
state. 

We  have  just  received  a  report,  dated  23rd  Septenilwr,  1870, 
made  by  Mr.  B.  Brough  Smyth  t-o  the  Hon.  Angus  Mackay,  M.P., 
Minister  of  Mines,  in  which  the  writer  submits  his  plans  for  the 
oompletion  of  the  Qtjologicjil  Survey  of  Victoria.  Ho  first  points 
out  the  amount  of  work  done  by  Mr.  Sc^lwyn  and  his  stjifi'  of  assis- 
tants. They  surveyed  an  area  of  3,olO  squai'o  miles,  wliich  was 
pablished  on  maps,  drawn  to  a  scale  of  two  inches  to  a  mile.     Mr. 
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Sclwyn,  moreover,  in  1863  published  a  geological  Bketcb-map  of  ils.^ 
whole  colony,  on  the  scale  of  eight  miles  to  one  inch,  to  which,  a»fl 
well  as  to  the  othor  publications  of  the  Grcological  Survey  of  Victoria, 
attention  was  drawn  in  the  Gkologtgal  Magazine  for  May,  1866. 

Mr.  Smyth  tliinks  tliat  the  late  Oeological  Survey  was  carried  on 
witli  less  regard  to  the  interests  of  the  miner  than  it  might  havo 
been — tlie  great  gold-fields  of  Ballarat  and  Sandhurst  were  no* 
included  in  tlie  area  surveved,  and  less  than  one-fourth  of  it  em- 
braces  country  which  is  interesting  to  the  gold -miner.  He  proposes 
"that,  instead  of  mapping  with  costly  traverses  the  lines  of  th^ 
outcrop  of  non-pro(Uictive  formations  (in  the  sense  of  not  containini^ 
veins  of  ore  or  deposits  of  economic  value),  there  should  be  surveyed* 
levelled,  and  mapj^ed,  all  the  more  important  gold-fields,  carryingT 
from  one  area  to  the  other  such  necessary  connexions  as  migb^ 
servo  the  geologist  and  assist  his  investigations." 

Most  persons  acquainted  with  field-geology  would  prefer  Mr- 
Selwyn's  plan  of  working  steadily  on,  rather  than  that  of  working 
out  in  detail  more  or  less  isolated  areas.  By  the  former  plan  beds 
could  be  correlated,  and  more  definite  and  satisfactory  conclusion^ 
would  undoubtedly  be  arrived  at  as  to  the  geological  stnicture  of  th& 
country.  Tlicre  would  be  system  and  consistency, — and  althouglB. 
the  results  obtained  would  not  perhaps  have  the  immediate  money- 
value  that  would  follow  from  special  investigations  and  surveys  oC 
the  different  gold-fields,  yet,  in  the  end,  we  cannot  help  thinking* 
that  Mr.  Selwyn's  plan,  if  continued,  would  have  the  more  lasting* 
value. 

Mr.  Smyth  remarks  that,  on  his  plan,  <' maintaining  one  party  ia 
the  fiold.  and  providing  also  for  the  regular  publication  of  maps  and 
repoi-ts,  the  analyses  of  mineral  specimens,  and  the  examination  of 
fossils,  would  not  cost  more  than  £1,500  per  annimi,"  whereas  to 
continue  the  survey  as  it  was  formerly  conducted,  the  expenses 
would  j)robably  be  not  less  than  £8,000  for  the  same  period.  It  is 
tnie  that  he  trusts  to  receive  assistance  from  private  individuals,  by 
which  means  the  labours  of  the  field-geologist,  he  thinks,  would  be 
greatly  reduced.  But  it  is  exceedingly  questionable  as  to  how  much 
reliance  couM  be  placed  upon  observations  and  information  derived 
from  persons  not  connected  with  the  Survey,  and  having,  perhaps,  but 
little  knowledge  of  geological  surveying.  Many  individuals,  too, 
from  personal  interest  in  a  district,  would  be  apt  to  exaggerate  the 
importance  of  its  mineral  wealth. 

Wo  should  imagine  that,  although  valuable  information  might  be 
elicited  from  private  sources,  the  whole  country  must  be  gone  over 
by  the  officers  of  the  Survey,  and  they  would,  in  the  localities  to 
which  attention  had  been  directed,  be  better  prepared  as  to  what  to 
expect,  antl  would  the  more  readily  determine  the  mineral  resources 
of  the  area. 

We  should,  moreover,  be  inclined  to  doubt  as  to  whether  really 
valuables  assistance  could  l)e  gained  with  the  oflFer  of  such  low  salaries 
as  must  necessarily  follow  from  the  very  small  amount  for  which 
Mr.  Smyth  ai)p]ies,   in  order  to  carry  on  the  Geological   Survey. 
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Andy,  if  the  work  be  worth  doing  at  all,  it  should  be  done  well  and 
tbrooghly,  and  we  should  be  among  the  first  to  welcome  any 
Rpeotance  on  the  part  of  the  Colonial  Government,  that  would  l>e 
ihown  in  the  appointment  of  a  fresh  staff,  equally  efficient,  and  as 
well,  if  not  better,  paid,  than  the  old  G^eological  Survey  of  Victoria. 


IL— Nkuis  Jahbbuch  fub  Minxbalogie,  Geoloqie  und  Palsonto- 
Loon.  Yon  G.  Leonhabd  und  H.  B.  Geinitz  ;  1869,  Hefte  2-7 ; 
1870,  Hefte  1-6 ;  and  General  Index  for  1860-69. 

EIGHTEEN  months  have  slipped  by  since  we  noticed  the  current 
numbers  of  Leonhard  and  Geinitz's  ''  Neues  Jahrlmch,"  see 
OiOL.  Mao.,  Vol.  YI.,  p.  272.  The  appended  classified  list  of  the 
original  memoirs  in  the  subsequent  numbers,  as  far  as  they  liave 
reached  us,  shows  that  diversity  of  subject  in  the  main  branches  of 
our  acience  is  well  sustained ;  and  the  treatment  of  the  subjects,  and 
tiie  names  of  the  authors,  together  with  those  of  the  many  corre- 
ipondents  to  the  "  Neues  Jahrbuch,"  testify  to  wide-spread  and  sound 
icienoe  among  our  German  brothers  in  geology,  who  keep  up  their 
title  to  the  upper  places  among  Crystallographists  and  Minornlogists, 
•nd  are  second  to  none  in  Palaeontology  and  general  Geology.  In 
&ct,  the  following  catalogue  of  subjects  specially  treated  of  will 
•peak  for  itself;  and  when  we  rememl)er  that  these  are  associated 
with  an  excellent  bibliograpliical  record  of  geological  and  minera- 
logical  works,  with  letters  on  current  news  and  late  discoveries,  and 
with  careful  digests  of  hundreds  of  books  and  memoirs,  wo  feel 
bound  again  to  call  the  earnest  attention  of  our  readers  to  this  in- 
valnable  periodical,  and  to  congratulate  Grermany  on  the  industry, 
icumen,  and  good  work  of  her  geologists. 

The  granite  and  granite  tors  of  Eibenstock  in  the  Erzgebirge, 
259,  1869 ;  Vokanic  eruptions  of  1868,  686,  1869  (pi.  viii.) ;  Vol- 
canic eruptions  uf  1869,  433,  1870;  Etna  in  1863-66.  257,  1870 
(pi.  i.) ;  Microscopic  structure  of  Vcsuvian  lavns,  169, 1869  (pi.  ii.) ; 
Obsidian  from  Hecla,  629,  1870  (pi.  v.)  ;  Yolcanic  rocks  of  Au- 
vergne,  6,  1869  ;  Trachyte  of  the  Laacher  See,  569,  1870  ;  Diabnsic 
rocks  and  minerals  of  Voigtland  and  the  Fmnkenwald,  1,  1870; 
Lustre  and  dichroism  of  Ilypersthene,  532,  1869  (cut) ;  Hauyne, 
329,  1869 ;  Prehnite  of  Harzburg,  314,  1870  (cuts) ;  Polyhalite, 
325,  1869 ;  Two  new  Phosphates,  Isoclase  and  Colloi)hane,  306, 
1870 ;  Pseudomori)h  of  Bunter  Sandstein  after  Calcite  at  Heidelberg, 
714,  1869  ;  Pseudomoq)h  of  Calcite  and  AsbestoK  after  Apopliyllite, 
425,  1870;  Macled  Calcite,  542,  1870  (pi.  vi.) :  Macled  Chrysoberyl 
(Alexandrite),  548,  1869  (pL  vii.) ;  Tlie  hexahedral  crystal-system, 
290,  1870;  Formation  of  crystals,  183, 1870  (pi.  iii.)  ;  Now  Galena 
crystal,  311,1870;  Glnucopy rites,  195,  1870;  Orystals  of  Dimoqihine, 
537, 1870 ;  Magnetite  and  Titanite,  513, 1869  ;  The  so-called  silver- 
sand  of  Andreasberg.  445. 1869  (cuts) ;  The  Wenzolgang  npar  Wolf- 
bach,  290,  1869;  Gold-deposits  of  California,  21  and  129,  1870 
(pi.  ii.). 

Amiens  gravel,  139, 1869  (cuts  and  pl.iv.)  ;  Eocewe  Oolttftter  &ATik. 
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Upper  Austria,  4ol,  1869  (pi.  vL) ;  Oreensand  fossils  from  near 
Osnahriick,  808, 1869  (pi.  ix.)^  Upper  Mesozoic  strata  near  Eisenach, 
<38o,  1870;  Permian  plant-remains  from  Val  Trompia,  456,  1869 
(pi.  V.) ;  Coal  Insects  (in  the  Dresden  Museum,  etc.),  158,  1869 
(pi.  iii.) ;  Coal  Insects  of  Thuringia,  282,  1870  (cuts) ;  Ostracoda 
and  an  Insect  from  the  Saarbriick  Coal,  286,  1870  (cuts);  Coal 
plants  from  the  Altai,  462,  1869  (pi.  vL,  figs.  4  and  5) ;  Coal  fossils 
(especially  fruits)  from  Haute-Loire,  417,  1870  (pi.  iv.) ;  Devonian 
rocks  of  the  Westerwald,  658,  1869  ;  Eozoon  in  Sweden,  551,  1869; 
Geology  of  Guatemala  and  Salvador,  769,  1869 ;  Geology  of  Nor- 
way, 385,  1869  (cut). 

The  decennial  Index  (AU^emeines  Bepertarium,  etc.)  for  the  "  Jahr- 
buch,"  consists  of  world-wide  and  almost  perfect  lists  of  Authors, 
Subjects,  and  Places,  having  relations  with  Geology,  Minerals,  and 
Fossils,  for  the  years  it  refers  to.  With  its  predecessors,  for  nearly 
fifty  years,  it  forms  a  vaduablo  series  of  catalogues  for  general  and 
special  reference.  T.  B.  J. 

UI. — A  Guide  to  the  Western  Alps.  By  John  Ball,  F.R.S., 
M.E.I.A.,  etc.  New  Edition.  8vo.,  pp.  378.  (London,  1870. 
Longmans,  Green,  &  Co.)     Price  7«.  64. 

THE  present  volume  is  one  of  three,  which  together  form  "The 
Alpine  Guide  " ;  it  is  devoted  to  a  consideration  of  the  entire 
i-aijgo  that  encircles  the  plain  of  Piedmont,  from  the  Maritime  Alps 
north  of  Nice  to  the  Pass  of  the  Siniplon,  along  with  the  Dauphin^ 
and  Savoy  Ali>s,  and  tlie  portions  of  Switzerland  connected  with  the 
Pennine  range.  In  addition  to  the  ordinary  subjects  treated  of  in 
a  guide-book,  and  which  Mr.  BalFs  extensive  acquaintance  with  the 
country  has  rendered  very  complete,  we  are  also  glad  to  notice  that 
in  tliis  work  attention  is  prominently  drawn  to  the  Natural  History 
of  the  Alps,  in  a  series  of  articles  on  the  Climate  and  Vegetation, 
the  Zoology,  Meteorology  and  Ilypsomctry,  the  Glacial  Phenomena, 
fiind,  lastly,  on  the  Geology.  Our  object  in  noticing  this  book  is 
particularly  to  direct  attention  to  an  article  on  the  G^eology  of  the 
Alps,  by  M-  Desor,  of  Neuchatel,  which  has  been  translated  by  Mr. 
Ball.  This  essay  brings  together  all  the  important  facts  known  of 
the  geology  of  the  district;  and  it  is  satisfactory  to  learn  that  the 
viewrt  expressed  by  its  author  coincide  in  the  main  with  those  held 
by  Professor  Studer  and  other  leading  Swiss  geologists. 

Tlie  general  structure  of  the  Alps  has  been  shown  by  Professor 
Studer  to  consist  of  groups  or  mountain  masses,  characterized  by  a 
cr^'stalline  centre  and  an  outer  coating  of  sedimentary  rocks.  He 
distinguished  nineteen  of  these  groups  between  the  Ligurian  Alps 
and  the  Adige ;  and  M.  Dosor,  in  extending  this  classificittion  to  the 
entire  range  of  the  Alps,  increases  the  number  to  thirty-three,  which 
he  severally  describes. 

The  highest  peaks  of  the  Alps  are  formed  of  crystalline  rocks, 

although  many  prominent  peaks  are  formed  of  Secondary  deposits. 

fcl^mong  the  crystalline  rocks  ai'c  reckoned  the  several  varieties  of 
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granite,  gneiss,  and  some  mica-schists.    Their  probable  metamorphic 
origin  is  pointed  out,  but  M.  Desor  observes  that,  so  far  as  regards 
the  connexion  between  the  orography,  of  the  Alps  and  their  geo- 
logical structare,  it  is  of  little  importance  whether  we  consider  tlie 
ciystalline  centres  as  originating  in  the  eruption  of  igneous  rocks, 
or  in  tiie  metamorphism  of  old  sedimentary  deposits. 

The  intervals  or  ''  troughs  '*  between  the  higher  masses  are,  as  a 
rale,  occupied  by  stratified  rocks  of  softer  and  less- resisting  nature ; 
they  consist  generally  of  PalaDOzoic  or  of  older  Secondary  strata. 
The  disturbances  to  which  these  beds  have  been  subjected  prove 
of  great  intensity.  During  elevation  the  crystalline  rocks  which 
nDderlie  these  beds,  when  lifted  to  a  sufficient  height  and  delivered 
from  lateral  pressure,  seem  to  have  expanded  in  the  direction  of 
least  resistance,  and  thus  has  been  produced  the  fan-airucture  so 
chaiacteristic  of  the  central  region  of  the  Alps. 

The  Alpine  geologist  has  many  difficulties  to  contend  with  in  the 
repeated  folding  of  the  strata  and  in  the  actual  reversion  of  their 
original  order  of  superposition  ;  he  has,  movcover,  to  deal  with 
deposits  which  scarcely  ever  retain  the  characters  that  are  elsewhere 
fimiliar  to  him — ^the  rocks  are  remarkably  altered,  and  fossils  arc 
extremely  scarce.  M.  Desor  remarks  that  it  is  upon  the  outer  slopes 
of  the  Alps,  and  at  a  distance  from  the  crystallino  groups,  that  the 
sedimentary  rooks  can  be  studied  to  the  best  advantage.  Here,  he 
adds,  it  is  sometimes  possible  to  observe  the  entire  series,  from  the 
Palseozoio  to  the  Miocene  deposits,  following  each  other  in  their 
natural  order,  and  so  much  the  better  displayed  as  they  are  remote 
from  the  centres  of  disturbance. 

The  author  gives  a  brief  description  of  the  different  sedimentary 
deposits,  and  we  should  mention  that  this  volume  is  accompanied  by 
a  oc^oured  geological  map  of  the  Western  Alps,  on  a  scale  of  alx>ut 
five  and  a  half  miles  to  the  inch. 

A  short  space  is  devoted  to  the  relations  between  the  Oeology  and 
Orography  of  the  Alps,  and,  in  conclusion,  a  sketch  is  given  of  the 
Geological  History  of  the  Alpine  Kegions. 

The  first  distinct  evidence  of  a  land-sm-face  in  the  Alpine  region 
occurs  in  the  Coal  period.  From  the  Coal  period  to  the  Lias  the  8ea 
probably  again  covered  nearly  the  entire  Jirea.  There  is  reason  to 
believe  that  the  latter  epoch  was  preceded  and  accompanied  by  con- 
siderable oscillations  of  level,  and  that  thence  we  may  date  the 
comraenoement  of  a  continuous  barrier  of  dry  land,  sepamting  the 
beas  that  flowed  on  its  north  and  south  sides. 

The  Secondary  period  was,  on  the  whole,  marked  by  elevation ; 
in  the  Eocene  period  considerable  changes  of  level  occurred  ;  while 
in  Miocene  times  the  plain  of  Switzerland  was  8ubmerge<l  to  a  depth 
which  permitted  the  accumulation  of  vast  masfios  of  Conglomerate 
and  of  Molasse,  and  in  some  places  the  sea  appears  to  have  reached 
districts  which  it  had  not  touched  since  the  Palasozoic  e|>och.  Tlio 
final  upheaval,  commencing  after  the  deposition  of  the  Miocene 
strata,  is  that  which  gave  to  the  Alpine  chain  its  existing  form. 
Mr.  Ball  gives  coj)iou8  lists  of  works  relating  to  tiie  lo\vogca\\\v^ 
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and  Natural  History  of  the  Alps,  and  he  remarks  that  it  may  be  a 
satisfaction  to  future  travellers  if  ho  expresses  his  oonviction  that, 
in  spite  of  all  that  has  yet  been  done,  no  portion  of  the  Alps  can,  in 
a  toix)graphical  and  still  less  in  a  scientific  sense,  be  said  to  be 
thoroughly  explored.  In  districts  supposed  to  be  well  known,  an 
active  mountaineer  will  constantly  find  scope  for  new  expeditions ; 
and,  if  he  has  cultivated  the  liabit  of  observation,  he  may  at  the 
same  time  make  these  subservient  to  the  increase  of  knowledge. 


J^JSTJD    I^K,OOEE3DI3Sr&S. 


I.  January  11, 1871. — Joseph  Pre^twich,  Esq.,  F.B.S.,  President, 
in  the  Chair.  The  following  communications  were  read  : — 1.  "On 
the  older  Metamorphic  Hocks  and  Oranitc  of  Banfishire."  By  T.  F. 
Jamieson,  Esq.,  F.G.S. 

The  author  indicate<l  three  divisions  in  the  metamorphic  strata  of 
Banffshire : — At  lx)ttom  a  great  thickness  of  arenaceous  beds,  more 
or  less  altered  into  quartz-rock,  gneiss,  and  mica-schist ;  next  a 
series  of  fine-grained  clay-slates,  in  the  midst  of  which  is  a  bed  of 
limestones ;  cutkI  then  again  an  up^^er  group  of  arenaceous  strata. 
The  author  stated  that  the  arrangement  of  the  rocks  is  very  similar 
to  that  occurring  in  Bute  and  Arg^'leshire.  He  remarked  that  the 
general  texture  of  the  beds  is  fine-grained,  and  considered  that  they 
were  probably  de^wsited  in  the  depths  of  the  sea,  oflF  the  mouth  of  a 
groat  river,  the  doi^sition  of  the  argillaceous  strata  having  taken 
place  during  a  period  of  increased  depression.  The  deposition  of  the 
beds  was  said  to  have  probably  taken  place  after  the  formation  of 
the  (Cambrian)  Ked  Sandstone  and  Conglomerate  of  the  North-west 
Highlands,  or  in  Lower  Silurian  times,  the  river  by  which  the  sedi- 
ment was  brought  down  being  supposed  to  have  drained  the  great 
Laurentian  region  to  the  north-west.  After  their  accumulation  the 
author  supposed  that  **  a  glow  of  heat  from  beneath  "  approached 
them,  causing  expansion  and  the  wrinkling  of  the  mass  into  folds 
running  from  S.W.  to  N.E.  The  granites  were  considered  by  the 
author  to  owe  their  origin  to  the  fusion  and  i-ecrystallizatlon  of  the 
arenaceous  beds. 

D18CU8HION. — Prof.  Ramsay  obscn'od  that  the  general  section  wonderfallr  cone- 
Bpondcd  with  that  given  many  vcars  ago  by  Sir  Roderick  Murchison  of  theSiloiian 
and  Laurentian  roeks  at  Cape  Vrath,  and  it  seemed  to  him  tliat  the  large  riewi 
originally  propounded  "by  Sir  Roderick  were  confirmed  by  the  author.  lie  was  glad 
that  the  metamorphic  origin  of  granite  was  supported  by  Mr.  Jamieson,  os  he  liad 
held  that  view  for  se\'eral  years,  aiid  ho  was  pleabod  to  find  that  opinions  which  hod 
formerly  met  with  so  many  opponents  were  cojistantly  gaining  acceptance.  The 
fusion  of  these  sedimentary  rocks  by  metamorphic  action  was  not  identical  with  the 
fusion  of  lava,  but  their  fiuidity  might  be  the  same ;  and  if  that  were  the  case,  there 
could  be  no  difiiculty  in  accepting  the  possibility  of  the  injection  of  such  fised  rockf 
into  crevices  and  fissures.  Tlie  crumpling  of  the  beds,  however,  wob  due  to  more  ex- 
tensive causes  than  those  contemplated  by  the  author.  The  proportion  of  igneouf 
rock  injected  into  contorted  rocks,  like  those  of  North  Wales,  was  afraast  infinitesimtlf 
and  the  crumpling  could  hardly  be  due  to  mere  local  causes. 

I'rof.  Ansteu  referred  to  what  he  had  observed  in  the  Borth-west  pari  of  Oonicit 
where  about  40  feet  of  granite  were  distinctly  interstratifiod  between  peifBcUj  nn- 
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■etamorphosed  bedi  of  undatone  and  limestone,  without  any  alteration  at  the  points 
nf  contact^  such  as  would  be  produced  bv  an  igneous  rock.  II  o  aU)  cited  the  crumpled 
rtnta  in  the  Maritime  Alps,  m  which  the  graaitcs  weru  paruUel  with  the  other  beds, 
til  Kcmed  to  tVirm  part  of  them. 

Mr.  Carruthera  mentioned  that  the  late  Prof.  Fleming,  twenty  years  ago,  had 
tught  the  same  doctrine  as  to  the  nature  of  granite  as  that  held  by  the  last  speakern. 
Ur.  Darid  Forbes  agreed  that  the  crumpling  of  the  stratii  was  not  due  tu  the 
iBtmsioB  of  any  emptiTe  rock.  He  completely  disagreed  with  Pruf.  Kutufuiy  and  the 
uthor  as  to  the  origin  of  granite,  and  maintained  that,  in  the  sedimentary  rocks 
tnrened  by  the  granite,  the  requisite  ingredients  for  the  formation  of  granite  iiid  not 
tsaL  The  proportion  of  felspar  in  quartzose  rocks  wum  iufinitesimiilly  small,  um  cum- 
pucd  with  tnat  entering  into  the  composition  of  granite.  He  conid  not  accept  the 
Mtion  of  the  heat  from  the  interior  approaching  gradually  to  some  portion  of  the 
wfsce. 

^f.  Ramsay,  in  reply  to  Mr.  Forbes,  maintained  that  some  of  the  sluty  rocks  of 
Vilei,  by  extreme  metamorphiim,  would  pass  into  some  kinds  of  granite.  As  tu  the 
cnditions  of  metamorphism  of  the  rocks,  this  proceAs  must  have  gone  on  at  a  tinio 
vWo  these  older  rocks  were  oyerlain  by  a  great  thickness  of  more  recent  beds  which 
hire  rioce  been  remoyed  by  denudation. 

2.  "  On  the  connexion  of  Volcanic  action  with  changes  of  Level." 
By  Joseph  John  Murphy,  Esq.,  F.G.S. 

The  author  commenced  hy  discussing  the  chemical  theor}'  of  vol- 
canic action,  which  he  considered  he  had  disproved.  He  remarked 
on  the  coincidence  of  volcanic  action  with  elevation  of  the  surface, 
hot  stated  his  opinion  that  the  elevation  of  one  ])art  of  the  earth's 
urfaoe,  and  the  depression  of  another,  are  the  results  of  a  movement 
of  sahsidence  in  the  following  manner : — The  interior  of  the  earth 
is  constantly  cooling,  and  as  it  cools  it  must  contract  But  the  cold 
strata  of  the  surface  cannot  contract  in  the  same  proix)rtion  ;  and  as 
they  must  remain  in  contact  with  tlie  core,  they  are  amipelled  to 
form  folds  and  ridges.  The  breaking  out  of  volcanoes  is  duo  to  the 
breaking  of  part  of  the  earth's  crust  by  these  foldings.  According 
to  the  author,  "  volcanic  action  is  not  the  cause,  but  the  effect  of 
secular  changes  of  level ;  and  secular  changes  of  level  are  due  to  the 
subsidence  of  the  smrface  on  the  interior,  as  the  interior  contracts 
m  cooling." 

3.  "  On  some  Points  in  the  Greology  of  the  neighbourhood  of 
Malaga."  By  Don  M.  de  Onieba.  Communicated  by  Sir  R.  I. 
llurchison,  F.R.S.,  F.G.S. 

After  referring  to  the  writings  of  previous  authors  upon  the 
geology  of  the  south  of  Spain,  the  author  Tioticed  a  mountain -chain 
near  Antequera,  one  branch  of  which,  known  as  the  '*Torcal,"  he 
described  as  presenting  a  very  singular  api)earance,  from  the  huge 
blocks  of  stone  of  which  it  is  composed.  The  division  of  the  rock 
into  separate  blocks,  often  of  the  most  fantastic  shapes,  was  attri- 
buted by  the  author  to  denudation  by  water.  The  "  Torcal "  consists 
of  a  compact  limestone,  generally  of  a  red  colour,  resting  conform- 
ably on  the  east  upon  a  fine-grained  white  oolitic  marble  of  con- 
siderable thickness.  At  the  divisional  line  between  the  two  fornui- 
tiona  many  Ammonites  were  said  to  occur,  and  three  of  these  wero 
doubtfully  identified  with  A.  giganieua,  hiplex,  and  annn!ntn8.  These 
species  would  indicate  the  deposit  to  be  probably  of  Portland  ian  age. 

The  plain  of  Antequera  was  considered  by  the  author  to  consist 
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of  Tertiary  formations.  One  of  these,  at  the  south  of  the  city,  h 
regarded  as  analogous  to  the  ''Calcaire  grossier."  He  mentione 
indications  of  the  presence  in  the  vicinity  of  a  Miliolitic  marhlf 
and  of  a  limestone  containing  Nummulites.  Between  Atequera  an 
the  Torcal,  he  noticed  a  small  calcareons  deposit  containing  man; 
forms  of  GrypTuBa,  The  paper  was  illustrated  by  photographs  c 
two  scenes  on  the  Torcal,  and  of  several  species  of  Ammonites. 

Discussion  :~Prof.  Ansted  remarked  that  the  condition  of  the  Torcal  wai  simili 
to  that  prevailing  in  many  other  limestone  districts,  and  was  prohahly  due  to  subaerii 
denudation. 

Mr.  W.  W.  Smyth  mentioned  that  he  had  lately  had  an  opportanity  of  ezuninini 
at  Cadiz,  a  collection  of  fossils  formed  hy  Mr.  Macpherson  in  that  district,  whie 
also  contained  specimens  of  Ammonites.  There  were  laree  tracts  in  which  tb 
rocks  appeared  almost  destitute  of  fossils,  which  renderea  their  classification  a 
tremely  oitficult ;  and  great  credit  was  due  to  the  author  for  his  exertions  in  a  conntr 
where  unfortunately  so  little  interest  was  taken  in  geolo^.  He  mentioned  that  soni 
of  these  uiifossiliferous  rocks  had  been  classified  as  Silunan  by  some  French  ffeologifti 
but  for  this  there  was  not  the  slightest  evidence.  It  appeared  far  more  probable  Uu 
they  were  of  Jurassic  age.  Some  red  beds,  which  had  been  called  Triassic,  were  all 
in  all  probability  Tertiary. 

Mr.  Gwyn  Jeffreys,  who  had  examined  sereral  collections  in  Spain  and  Portoga 
stated  that  he  had  been  much  struck  with  the  absence  of  newer  Tertiary  fossila,  th 
latest  being  of  Miocene  ago.  These  latter  presented  a  tropical  aspect,  and  diffare 
from  the  mollusca  now  inhabiting  the  neighbouring  seas. 

Mr.  Blftkc  was  not  satisfied  with  the  determination  of  the  Ammonites,  wluch  ap 
pean^  to  him  rather  of  Cretaceous  than  Jurassic  forms. 

Mr.  Tate  obseryt-d  that  the  French  geologists  had  determined  the  existence  in  Spai 
of  tho  whole  Jurassic  series,  from  the  liOwer  Lias  to  the  Fortlandian  beds ;  am 
jud^ng  from  the  Dhotogrnphs,  he  should  consider  the  Ammonites  to  be  Jurassic. 

Mr.  Boyd  Dawkins  cited  the  remains  of  Rhinoeerou  etruseut,  procured  by  the  Itl 
Dr.  Falc(»ner,  at  Malaga,  as  affording  evidence  of  the  presence  of  beds  oi  Pliooen 
age  in  tbnt  district. 

Prof.  Duncan  mentioned  that  he  had  found  corals  of  the  genus  FlabeUum,  such  s 
were  found  in  the  Tejares  clays  in  recent  deep-sea  dredgings  in  the  Atlantic^  id 
among  specimens  brought  from  Japan. 


Geological  Society  of  London. — II.  January  25, 1871.  Josepi 
Prcstwich,  Esq.,  F.R.S.,  President,  in  the  Chair.  The  followin| 
communications  were  read  : — 

1.  ''On  tho  Physical  Relations  of  tho  New  Red  Marl,  Rhsetic  beds 
and  Lower  Lias."    IJy  Prof.  A.  C.  Ramsay,  LL.D.,  F.R.S.,  F.G.S. 

The  author  commenced  by  stating  that  there  is  a  perfect  physica 
gradation  between  tho  New  Red  Marl  and  the  Rliastic  beds.  Ht 
considered  that  the  New  Red  Sandstone  and  Marl  were  formed  ii 
inland  waters,  tho  latter  in  a  salt  lake,  and  regarded  the  abondano 
of  oxido  of  iron  in  them  as  favourable  to  this  view.  The  fossil  foot 
prints  occurring  in  them  were  evidence  that  there  was  no  tide  ii 
the  wntor.  The  author  maintained  that  the  new  Red  Marl  is  mon 
closely  related  to  the  Rha?tic,  and  even  to  the  Lias,  than  to  th< 
Bunter :  and  in  support  of  this  opinion  he  cited  both  stratigraphioa 
and  palfleontological  evidence.  He  described  what  he  regarded  a 
the  sequence  of  events  during  the  accumulation  of  the  later  Triassit 
deposits  and  the  passage  through  the  Rhtetio  to  the  Lias,  and  inti 
mated  that  the  same  reasoning  would  apply  to  other  British  strata 
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tfqMcially  some  of  those  coloured  red  by  oxide  of  iron,  including  the 
Pennian,  the  Old  Bed  Sandstone,  and  a  part  of  the  Cambrian. 

Discussion. — ^Mr.  Etheridge  thought  the  question  of  the  natarc  of  tho  Khnctic 
beds  Tis  to  a  great  extent  Palffiontologicol.  Tlic  main  point  in  connexion  witli  them 
Vai  as  to  how  the  British  beds  were  to  be  connected  with  the  Lombardic  and  Middle 
fnrapean  areas.  It  certainly  seemed  probable  that  in  this  part  of  the  world  the 
conditions  of  life  were  different,  the  deposits  being  mnch  U«s  in  thickuesi*,  and  the 
Anna  much  diminished;  and  where  represented  at  all,  tho  shells  occurred  in  a 
dwarfed  and  stunted  form.  The  exact  horizon  and  nature  of  the  Sutton  beds  had 
ttin  to  be  determined. 

Mr.  Godwin-Austen  believed  that  crcry  mass  of  Red  Sandstone  would  ultimately 
be  referred  to  either  a  brackish  or  freshwater  origin.  A  comparison  of  the  iincient 
and  present  area  of  the  Caspian  Sea  would  tena  to  remove  any  doubt  that  might 
remain  on  the  mind  of  geologists,  as  to  the  possibility  of  the  existence  of  Huch  viist 
internal  seas  as  those  which  nad  to  be  callea  in  to  account  for  these  formations.  He 
ngretted  that  former  observers  had  not  attached  more  importance  to  the  duration 
wA  extent  of  those  freshwater  conditions  wliich  were  fouud  so  commonly  tu  have 
prevailed  between  the  periods  of  deposit  of  the  great  marine  formations.  There  was 
another  fact  to  be  borne  in  mind,  tnat  even  in  existing  lakes,  the  water  at  the  one 
end  was  sometimes  completely  fresh,  and  at  the  oUier  end  salt,  each  of  course  with  a 
different  fauna. 

Prof.  Rupert  Jones  said  that  although  there  were  good  grounds  for  the  lake-theory, 
lomcthing  might  be  said  for  shallow  seas.  lie  remarked  that  sulphate  of  lime  was 
deposited  from,  sea-water  before  salt,  that  oxide  of  iron  might  originate  from  chloride  of 
iron  diffused  in  water,  whether  of  lakes  or  seas,  and  that  the  hiumatites  of  Permian  age 
were  probably  deposited  in  tho  sea.  He  considered  that  Foramiiiifera  required  great 
eaotion  when  used  as  criteria,  as  the  varietal  fomiM  giving  the  facies  were  of  more 
importance  than  the  eenera  and  species.  Tlic  Extheritt  were  never  marine,  although 
often  occurring  in  plenty  in  temporary  freshwater  pools  on  the  sea-sliore.  Tn  his 
monograph  of  FMheria^  he  had  said  much  to  substantinto  the  notion  that  freshwater 
conditions  often  prevailed  during  the  formation  of  the  Keuper.  Both  in  the  Old  lied 
Sandstone  of  the  Baltic  provinces,  and  in  the  Letteiikohle  and  K(tu{)er  of  Germany, 
when  E\theria  comes  in,  Liugula  die^t  out.  The  repeated  set  of  formations  in  the 
Permian  and  the  Trias  precludes  their  contemporaneity,  as  supposed  by  Messrs. 
Godwin- Austen  and  Marcou. 

Mr.  Bauerman  remarked  that  the  Hallstatt  beds  which  had  been  cited  as  marine, 
contained  large  deposits  of  rock-salt. 

M.  Marcou  thought  that  the  ditllculties  in  regardinc:  those  betls  as  of  freshwater 
origin  were  greater  than  the  author  supposed.  The  HDsencc  of  fossils  in  gypsum, 
though  almost  universal,  was  not  total.  He  had  himsi^lf  seen  three  spociinens  of 
Trigohia  in  gypsum  from  Stuttgart. 

Mr.  Tate  mentioned  the  discovery  by  Mr.  Burton,  of  marine  fossils  in  the  Red 
Ifari,  in  one  instance  in  combination  with  vegetable  remniuR.  He  commcntiKl  on 
the  sharp  demarcation  observable  in  Ireland  between  the  Rhaptic  beds  and  the  Marl 
below,  whereas  it  was  almost  impossible  to  se])aratc  them  from  the  Lias  above.  He 
doubted,  however,  whether  the  true  relations  of  the  llluutic  bi'ds  wen;  to  be  worked 
oat  in  this  country.  As  to  the  fossils  of  the  Sutton  Stone,  they  were  all  purely 
Liassie. 

Mr.  Burton  stated  that  the  fossils  from  the  Red  Marl  came  from  a  spot  about  iivo 
miles  from  Retford,  in  the  direction  of  Gainsborough,  but  he  had  not  seen  them  in 
titu.     There  are.  however,  no  Rhijutic  beds  within  some  mihrs. 

Rev.  Mr.  Winwood,  in  the  absence  of  Mr.  C.  Moore,  fn)m  ill  health,  inquired 
▼hether  the  author  regarded  the  White  Lias  as  Rhstic  or  Liassie. 

Professor  Ramsay,  in  reply,  was  quite  willing  to  accept  marine  fossils  as  coming 
from  the  Red  Marl.  The  ract  of  ist/un'ti,  a  brackish  or  freshwater  i'orni,  occurring 
in  certain  bands,  wjis  in  favour  of  his  views,  as  he  considerc-d  that  at  intervals  the 
freshness  of  the  water  in  such  a  lake  as  lie  had  sugi^csted  must  have  varied.  Ho 
eould  not  accept  the  probabilitv  of  oxide  of  iron  having  been  deposited  in  a  large  8041 
area  to  such  an  extent  as  to  colour  the  sjinds.  All  rocks  that  could  be  pmved  to  be 
of  marine  origin,  even  when  they  contained  iron,  were  not  st4iinod  n^l  unless  by 
iniiltnUion  from  above.  He  pointed  out  that  the  old  area  of  the  Caspian  was  far 
larger  than  the  lake  in  which  he  had  suggested  that  the  New  Red  Marl  had  been 
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deposited.  If^  as  was  more  than  probable,  there  had  been  during  all  geological  tinu 
contineiital  areas  somewhat  in  the  same  positions  as  those  of  the  present  daj,  ther 
must  have  been  large  areas  of  inland  drainage  in  which  some  such  deposits  as  those  ii 
question  must  of  necessity  haye  been  formed. 

2.  "  Note  on  a  large  ReptUian  Skull  from  Brooke,  Isle  of  Wight 
probably  DiDosaurian,  and  referable  to  the  genus  Igtuinodon,"  Bj 
J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

The  author  stated  that  the  skull  described  by  him  was  obtainec 
from  a  Woalden  deposit  at  Brooke,  in  the  Isle  of  Wight,  from  whicl 
many  remains  of  Dinosauria  have  been  obtained.  He  described  it 
characters  in  detail,  and  remarked  that  its  most  striking  peculiaritiei 
were : — the  completeness  of  the  bony  brain-case ;  the  obliteration  o 
the  sutiires,  especially  those  of  the  basicranial  axis ;  the  massivenes 
of  the  skull ;  and  the  great  downward  extension  of  the  basisphenoid 
with  the  attendant  upward  slant  of  the  lower  border  of  the  basi 
presphenoidal  rod.  The  first  of  these  characters  occurs  elsewher 
among  reptiles  only  in  Dicynodon  ;  and  the  first  and  second  charac 
ters  combined,  were  regarded  by  the  author  as  approximating  th 
skull  to  the  ornithic  type.  The  reference  of  this  skull  to  J^uanoeloi 
was  founded  chiefly  on  the  place  from  which  it  was  obtained,  whicl 
has  furnished  abundant  remains  of  that  genus,  and  on  the  obliteratioi 
of  the  sutures,  which  the  author  stated  to  be  a  character  of  thi 
mandibles  of  Iguanodon. 

DwcrsBioN. — Prof.  Huxley  congratulated  the  Society  on  the  progress  being  mad 
in  our  knowledge  of  this  interesting^  gn)up  of  reptiles  and  of  their  ornithic  amnitiei 

Mr.  Secley  remarked  on  the  similarity  of  the  mtcmal  cavity  of  the  skull  to  thato 
Jchthf/osaurus.  Some  of  the  external  cnaracteristics  differed  much  from  what  he  ws 
acauaiuted  with  in  other  Dinosaurian  skulls,  which  more  closely  resembled  those^  o 
oroinar)'  lizards.  He  considered  that  the  affinities  of  IHuoaauru  were  in  the  dircctio 
of  TeicMaunts,  from  which  the  position  of  what  were  supposed  to  be  the  optic  nerre 
in  this  skull  materially  differed.  On  the  whole,  he  was  not  at  once  preparea  to  aocep 
this  skull  as  that  of  an  Iguanodon. 

Mr.  Hulke  briefly  replied,  and  observed  that  he  had  limited  his  speculations  to  thos 
which  legitimately  arose  from  the  facts  before  him. 


III.  Geological  Society  of  London. — ^February  8, 1 871. — Josep] 
Prestwich,  Esq.,  F.K.S.,  President,  in  the  Chair.  The  foUowinj 
communications  were  read : — 1.  "On  the  Punfield  Formation."  B; 
John  W.  Judd,  Esq.,  F.O.S.,  of  the  Geological  Survey^  of  EnglanI 
and  Wales. 

Those  formations  which  have  been  deposited  under  flumo-marin 
conditions,  and  which  yield  at  the  same  time  marine,  freshwatei 
and  terrestrial  fossils,  are  of  especial  interest  to  the  geologist,  a 
they  furnish  him  with  a  means  of  correlating  the  great  freshwate 
systems  of  strata  with  those  of  marine  origin. 

At  the  bottom  of  the  Wealden  we  have  one  such  fluvio-marin 
series,  the  well-known  Purbeck  formation ;  at  its  summit  is  anothei 
less  known,  but  not  less  important,  for  which  the  name  of  "  Pun 
field  Formation  "  is  now  suggested.  Some  of  the  fossils  of  the  latte 
were  first  brought  imder  the  notice  of  geologists  by  Mr.  Godwin 
Austen  in  1850 ;  and  their  peculiarities  have  since  been  the  subjec 
of  remark  by  Pro£  E.  Forbes,  Sir  0.  Lyell,  and  others. 
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He  typical  Bection  of  the  beds  is  at  Punfield  Covo,  in  the  Isle  of 
i^ubeck,  where  they  are  about  160  feet  thick,  and  include  several 
binds  with  marine  ^ells.  The  lowest  and  most  remarkable  of  these 
jieldfl  about  forty  well-defined  species,  many  of  whidi,  as  well  as 
one  of  the  genera,  are  quite  new  to  this  country.  A  section  some- 
wiiat  similar  to  that  of  Punfield  is  seen  at  Worborrow  Bay. 

In  the  Isle  of  Wight,  at  Gompton,  Brixton,  and  Sandown  Bays, 
nmilar  fluvio-marine  beds  are  found  at  the  top  of  the  Wealden,  and 
attain  to  a  thickness  of  230  feet  The  marine  bands  here,  however, 
yield  but  a  very  soanty  fauna.  Indications  of  the  existence  of  beds 
of  the  same  character  and  in  a  similar  position  are  found  in  the 
district  of  the  Weald. 

'  While  the  Purbeck  formation  exhibits  the  gradual  passage  of  the 
inarine  Portlandian  into  the  freshwater  Wealden,  the  Punfield 
fonnation  shows  the  transition  of  the  latter  into  the  marine  Upper 
^'eocomian  (Lower  Ghreensand).  Thus  we  are  led  to  conclude  that 
the  epoch  of  the  English  Wealden  commenced  before  the  close  of  the 
Juiassic  period,  lasted  through  the  whole  of  the  Tithonion  and  of 
tlie  Lower  and  Middle  Neocomian,  and  only  came  to  a  close  at  the 
<X)inmcncement  of  the  Upper  Neocomian. 

In  tracing  the  Cretaceous  strata  proper  from  east  to  west,  they 
^  found  to  undergo  great  modification ;  while  the  Neocomian 
M  Wealden,  which  they  overlap  through  unconfonnity,  besides 
being  greatly  changed  in  character,  thin  out  very  rapidly. 

On  stratigraphical  and  palax>ntological  evidence,  the  Punfield 
formation  is  clearly  referable  to  the  upper  part  of  tlio  Middle  Neo- 
<>omian.  Its  fituna  has  remarkably  close  analogies  with  that  of  the 
gr^t  coal-bearing  formation  of  Eastern  Spain,  which  is  of  vast 
thickness  and  great  economic  value. 

The  claim  of  the  Punfield  beds,  equally  with  the  similarly  situated 
Pnrbeck  series,  to  rank  as  a  distinct  fonnation,  is  founded  on  the 
distinctness  of  their  mineralogical  characters,  their  great  thickness, 
the  fact  of  their  yielding  a  considerable  and  very  well  characterized 
&Qna,  and  of  their  being  the  equivalent  of  a  highly  important 
foreign  series. 

DiBcx'ssioN. — The  President  remnrked  that  the  limited  amount  of  freshwater 
ionnatioDB  in  this  countr)'  was  an  ohstacic  to  th<ir  correlation,  and  stated  that 
Constant  PreTOst  kad  endeavoured  to  currelato  the  Secondary  freshwater  and  marine 
tbrmations. 

Mr.  Godwin-Austen  remarked  upon  the  thinning  out  of  the  Lower  Grocnsand, 
especially  in  France ;  upon  the  imperfection  of  our  knowlrtlgo  of  the  jj^eat  Cretaceous 
formation,  and  up<m  theprobabiht^'  of  the  intercalation  of  freshwater  conditions  in 
the  Lower  Greensand.  The  formation  at  Punfield  seemed  to  present  an  intercalation 
of  marine  between  purely  freshwater  conditions.  He  indicated  how  a  slij^ht  change 
of  level  might  have  intercalated  marine  conditions  in  the  Wealden.  The  deposition 
of  the  White  Chalk  and  Oolite  occupied  enormous  periods  (in  both  cases  purely 
marine),  during  which  the  northern  hemisphere  was  a  great  northern  ocean  ;  and  us 
the  distribution  of  land  and  water  was  due  to  the  operJition  of  great  cosmical  laws, 
the  duration  of  terrestrial  and  of  the  intermediate  freshwater  conditions  was  probably 
of  equal  length. 

Mr.  Etheridgc  observed  that  out  of  sixty  or  seventy  species  from  the  deposits  in 
Eastern  Spain,  we  have  thirty-nine  or  forty  in  Britain.  The  fauna  was,  indeed,  pre- 
cittcly  the  same.     He  referred  to  Bevoral  of  the  species,  and  intimated  his  inteutiou  of 
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describing  and  figuring  those  forms  which  have  not  been  detected  in  the  Spairidi 
deposits. 

Mr.  Soi'lcy  stated  that  he  could  not  n^po  with  Mr.  Judd  in  his  conclnsions,  ud 
that  he  (»bjcctcd  to  tlie  method  ndoptfid  by  him.    He  had  examined  ail  the  sectioni^ 
and  wus  cciuvinced  that  tlie  strata  at  Swana^re  were  all  superior  to  those  seen  in  thf 
Foction  in  the  Isle  of  AVight.     He  regarded  the  shell  noticed  as  a   T'lMvya,  ai  t 
Grecnsand  form.     Then>  was  nothing  in  the  foR<(il9  to  indicate  a  separatioa  from  the 
liOwer  Grecnsand,  of  which  he  regarded  these  beds  ns  forming  a  part.     Each  divisioo       ' 
wai$  to  be  traced  wecitwards  continuously,  but  changing  in  mineral  character.    Mr.       1 
Secley  objected  to  the  correlation  of  these  deposits  with  others  occurrini;  in  Spain  or      j 
any  other  disbmt  locality,  and  considered  the  community  of  fossils  not  sufficient  to      A 
establish  such  a  correlation.     He  objcK^ted  also  to  the  introduction  of  a  new  tenn  into      \ 
geological  nomenclature. 

Air.  Jenkins  remarked  on  the  value  of  Mr.  Judd's  description  of  the  sectioniw  eroa 
if  his  deductions  were  to  be  rejected.     He  regarded  the  establishment  of  a  Panfidd 
fomiatiou  ns  unnecessary,  and  cited  the  I'urbeck  and  Portland  beds  as  examples  ol 
auiilogous   fresh watiT  and  marine  deposits.     He  indicated  that  the  TVeald  marb^ 
regjinled  as  the  freshwater  equivalent  of  the    Lower    Neocoraian.      He  douliW^ 
whether  the  shell  n*ferrcd  to  Vicarya  really  belonged  to  that  genuB.     Amnumit^^ 
IJeffhaijisii  was  said  to  have  a  restricted  range  in  time.    Mr.   Jenkins  remarked 
that  it  was  ver}'  widely  diffused,  and  therefore  should  have  a  wide  range  in  tiii»^ 
which  would  invalidate  the  argument  founded  on  it. 

The  Kev.  O.  Fisher  stated  that  in  1853  he  had  observed  a  fault  cutting  off  tlJ^J 
Gault  from  the  Punfield  Beds,  and  that  its  position  might  account  for  the 
peanuicc  of  a  great  mass  of  Lower  Grecnsand. 

Mr.  Judil.  in  reply,  said  he  did  not  propose  the  term  "Punfield  Formation"  as 
definitive  term,  but  only  as  a  matter  of  convenience.    He  believed  that  strata  could  I 
positively  identified  by' the  org;mic  remains  containetl  in  them,  although  the  meth( 
may  liuve  been  grossly  ubuceil.     Phvsical  investigations  alone  led  to  nothing  but  con 
fusion,  ns  nii^^lit  he  seen  by  the  stratigraphical  attemptsof  the  predecetsonof  Wtllian 
Smith.     The  name  Vicnrya  for  the  shell  which  had  been  referred  to  was  only  pro—*" 
visionally  :nlo;ited,  on  the  authority  of  De  Vemcuil  and  other  writers. 

2.  "  Some  remarks  on  the  Denudation  of  the  Oolites  of  the  Batl^ 
district,  with  a  theoi^^  on  the  Denudation  of  Oolites  generally."  By*^ 
AV.  Stephen  :\[itchell,  Esq.,  MA.,  F.G.S.,  of  GonviUe  and  Caiu^ 
College,  Cambridge. 

The  author  briefly  referred  to  the  theory  according  to  which. 
Oolitic  deposits  were  supposed  to  have  l^een  originally  spread  out  in 
continuous  sheets  over  the  countiy  which  they  occupy,  and  to  owe 
their  division  into  separate  hills  to  the  action  of  denudation  after 
their  original  deix)sition  and  consolidation.  He  suggested,  as  an 
equally  pit)bal)lo  hypothesis,  that  whilst  the  marls  and  claj's  of 
Ooliti(;  areas  were  probably  originally  deposited  in  continuous  beds, 
the  limestones  in  many  cases  may  never  have  extended  beyond 
the  areas  now  occujiied  by  them.  He  described  tlio  beds  of  lime- 
stone in  the  Oolitic  hills  as  thinning  out  towards  the  valleys  on  all 
sides,  maintained  that  the  limestones  owed  their  origin  to  coral  reefs, 
and  cited  several  descriptions  of  coral  islands  by  the  late  Prof.  Jukes, 
to  show  the  agreement  in  their  structure  with  thitt  which  he  ascribed 
to  the  Oolitic  hills.  He  assumed  that  in  the  event  of  a  coral-area 
becoming  one  of  sedimenttiry  deposition,  the  sedimentary  deposit 
would  presen'^e  intact  the  CH^ntour  of  the  coral  islands,  and  inferred 
that  this  has  been  the  case  in  the  Bath  district,  so  that  the  Great 
Oolite  cappings  of  tlie  hills  of  that  area  may  represent  the  original 
contours  of  coral  islands,  exposed  by  the  denudation  of  the  Bradford 
clay.      The  amount  of  denudation  undergone  by  the  Great  Oolite 
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limestone  be  considered  to  be  very  small.    The  Inferior  Oolite,  on 

the  contrary,  he  believed  to  have  suffered  denudation,  and  he  con- 

sdered  that  the  course  of  the  valleys  formed  by  tliis  agent  was 

dependent  on  the  form  of  the  limestones  capping  the  hills. 

Disci'SGiox. — Vrot,  Morris  did  not  consider  that  tho  author's  views  a%  to  the 
OoUtie  nuiiies  round  Bath  being  originally  isolated  coral  banks  with  clay-beds, 
•hihoii^b  sugmtiTO,  were  quite  satisfactory.  He  nointed  out  that  the  strata  o'n  each 
Bde  of  the  TaUeys  were  similar  in  structure,  mineral  character,  and  fossil  contcntA,  and 
vere  ooce  continuous ;  and  the  present  intervening  deep  vallcyH  were  ratlior  due  to 
tie  moTements  which  the  area  had  undergone  in  producing  lines  of  weak  ri'idstance, 
isUequently  assisted  by  the  erosive  action  of  percolating  and  running  water,  both  in 
eictrating  and  undermining  the  harder  rocks,  so  as  to  cause  them  to  bend  towards 
the  bill-sides,  or  fall  in  larger  or  smaller  mosMcs  un  their  slopes. 

3fr.  Seeley  thought  that  Mr.  Mitehell  was  justified  in  applying  considerations 
diaim  from  tne  formation  of  coral  islands  to  the  elucidation  of  the  phenomena  under 
diioiision.  He  maintained  that  limestones  must  always  occur  in  isolated  masses  with 
iBterrenine  masses  of  clay,  and  that  the  clay  would  be  washed  out,  leaving  the  lime- 
rtone  IS  hills. 

Mr.  Whitakcr  held  that  when  like  beds  cropped  out  on  the  tops  or  flanks  of 
opposing  hills  it  was  a  logical  inference  that  the  said  bods  had  once  spread  across  the 
■pace  between ;  that  there  was  no  need  to  call  in  the  agency  of  supposed  cond  islands 
to  explain  the  occurrence  of  isolated  masses  of  limestone,  which  wore  pr-rfcctly  ac- 
oouttd  for  by  denudation,  an  agency  which  involTcd  no  supposition,  and  was  quite 
^ul  to  the  work. 

Mr.  Etheridge  remarked  that  the  MoUusca  of  the  outliers  of  the  Oolites  in  the 
Serem  Valley  were  constant  in  beds  of  the  same  relative  level.  lie  alsfi  referred 
to  the  sliding  of  the  Oolitic  strata  of  the  Cotteswolds  upon  the  subjacent  cbiys  as 
Accounting  for  the  dip  towards  the  valleys  mentioned  by  tho  author.  He  considered 
tluit  the  valleys  bad  been  scooped  out  by  denudation. 

The  President  inquired  whether  the  author  was  provided  with  any  sections  showing 
the  thinning  out  of  the  beds. 

Mr.  Mitchell,  in  reply,  stated  that  he  had  seen  both  sides  of  what  he  regarded  as 
coral  reefs.  He  remarked  that  his  hypothesis  was  arrived  at  by  de^luction,  by 
inferring  from  observations  on  existing  coral  ret^fs  that  th(»so  of  the  Oolites  must  have 
been  covered  up  as  islands.  He  remarked  that  if  tho  Oolitic  beils  had  slipped,  as 
descrilied,  upon  the  underlying  cla}'s,  tliey  could  hardly  range  on  opposite  sides  of 
the  valleys.  He  noticed  that  the  action  of  water  in  covering  the  bl4icks  of  Oolite 
with  cry:itallized  carbonate  of  lime  would  be  protective,  and  remarked  that  the  sur- 
face of  the  reefs  was  virtually  a  sea-bottom  on  which  Mollusca  lived,  so  that  their 
occurrence  at  corresponding  levels  in  dilferent  hills  was  not  to  be  wondered  at. 

Tlie  following  specimens  were  exhibited  to  tho  Meeting  : — 

Fossils  from  the  Punfield  Formation ;  exhibited  by  J.  W.  Judd, 
Esq.,  in  iUustration  of  his  paj^er. 

Specimens  of  Gold ;  exhibited  by  Prof.  Tennant,  F.G.S. 

A  Flint  and  Bone  Implement  from  the  Gravel  of  Cambridgeshire; 
exhibited  by  the  Rev.  Osmond  Fisher,  F.G.S. 

Geologists'  Association. — The  Annual  General  Meeting  of  this 
useful  and  fltmrishing  Society  was  held  at  University  College,  on 
Friday,  the  3rd  of  February  last,  the  retiring  President,  l*roiVjssor 
Morris,  in  the  chair.  The  annual  report  having  been  read  and 
adopted,  the  officers  for  the  ensuing  year  were  elected.  Tliomas 
Davidson,  Esq.,  F.R.S.,  F.G.S.,  etc.,  who  has  just  completed  his 
great  work  on  the  British  Fossil  Brachiopoda,  and  Charles  Moore, 
Esq.,  F.G.S.,  the  indefatigable  and  highly-successful  explorer  of 
Lower  Jurassic  strata,  were  unanimously  elected  honorary  members 
of  the  Association.     A  vote  of  thanks  to  John  Gumming,  Esq., 
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F.G.S.,  who  has  retired  from  the  office  of  honorary  secretary,  wliibh 
he  has  ably  filled  during  several  years ;  and  to  Professor  Morris, 
who  has  presided  over  the  Association  with  so  much  honour  to  him- 
self and  advantage  to  the  members  for  the  past  three  years,  wm 
warmly  supjiorted  by  several  speakers,  and  heartily  accorded  by  the 
meeting.     Professor  Morris  and  Mr.  (Jumming  returned  thanks  in 
their  usual  felicitous  manner.      The  newly-elected  President,  the 
Rev.  Thomas  Wiltshire,  M.A.,  F.G.S.,  F.R.A.S.,  etc.,  having  taken 
the  cliair,  which  had  been  vacated  by  Professor  Morris,  Caleb  EvasSi    "^ 
Esq.,  F.G.S.,  read  the  second  part  of  a  very  able  and  interesting 
paper  **  On  the  Geology  of  the  Neighbourhood  of  Portsmouth  aB^ 
Eyde.''     The  first  part  of  this  paper,  read  at  a  previous  meeting* 
gave  tlio  results  of  au  exploration  of  the  beds  of  Lower  Eocene  kgB* 
recently  exposed  by  the  excavations  for  the  docks  now  in  conrse  o^ 
construction  at  Her  Majesty's  Dockyard,  Portsmouth.     The  BeoonA 
part  of  the  paper,  which  was  very  long,  dwelt  more  particnlarl^ 
on  the  Middle  and  Upper  Eocene  Formations  of  Hampshire  and  th^ 
Isle  of  Wight,  and  gave  a  clear  and  succinct  description  of  the  in^ 
teresting  Fluvio-marine  deposits,  which  are  found  only  in  this  part  of 
Great  Britain.     A  fine  collection  of  fossils  from  the  localities  men- 
tioned in  the  paper,  which  had  all  been  collected  by  the  author,  wr0 
exhibited.     In  the  course  of  the  long  and  interesting  discnssioo- 
which  followed  the  reading  of  the  paper,  Professor  Morris  diroctecl 
attention  to  the  fallacy  so  prevalent  amongst  young  geologists  of" 
regarding  formations  containing  different  assemblages  of  fossils  89 
necessarily  of  different  epochs,  and  strongly  urged  extreme  oaution. 
in  deteiTuining  the  relative  ages  of  formation  in  different  localities, 
since  dissimilar  local  conditions  may  have  had  so  great  an  influence 
on  the  life  of  the  period  of  deposition,  as  to  change  very  considerably^ 
the  character  of  the  fauna  of   two   synchronous  formations.     Wo 
strongly  recommend  those  wishing  to  obtain  a  practical  acquaintance 
with  the  geological  features  of  tlie  South  of  England,  to  seek  ad- 
mission to  the  Geologists'  Association,  as  Ansits  to  several  localities  of 
interest  will  be  paid  by  the  Association  during  the  present  year. 

J.  Ix>aAN  LoBLEY,  Hon.  Sec. 

coie-ie-EsiPOisriDEisrcE- 


SiR, — Will  you  allow  me  to  correct  a  slight  inaccuracy  in  a  very 
interesting  paper  by  Mr.  C.  E.  de  Bance  on  **The  Glacial  Phenomena 
of  West  Lancashire  and  Cheshire,"  published  in  No.  105  of  the 
Quarterly  Journal  of  the  Geological  Societj*.  Referring  to  a  paper  of 
mine,  published  more  than  ten  years  ago,  on  the  Glacial  Phenomena 
of  the  Lake  District,  he  states,  incorrectly,  that  it  is  to  be  found  in 
the  pages  of  the  "  Edinburgh  Philosophical  Magazine."  The  correct 
reference  is  the  "  Edinburgh  New  Phil.  Jour.,"  vol.  xi.  (1860.) 

It  is  from  this  paper  that  the  illustration  of  the  r6che  motiionnie  in 
the  valley  of  tlie  Rotha.  near  Ambleside,  given  in  Lyell's  "  Antiquity 
of  Man,"  p.  269,  is  co]>ied,  accompanied  by  a  correct  reference. 

As  much  is  now  being  written  on  the  glacial  phenomena  of  this 
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put  of  England,  perhaps  some  of  the  authors  of  these  commnnica- 
tioiu  may  feel  inclined  to  refer  to  the  observations  I  have  recorded  ; 
lod  I  only  reg^t  that  all  my  spare  copies  have  long  since  been 
nsedup. 

GlOLOOZCAL  SUBVBT  OfPICB,  DuBLIN,  EdWABD    HuLL. 

16M  Fthmary,  1871. 

GLACIATION  OP  THE  LAKE-DISTRICT. 

81B, — Allow  me  to  make  a  few  more  remarks  on  the  question  of 
die  glaciation  of  these  dales — I  think  they  will  be  my  last. 

Let  not  Mr.  Mackintosh  suppose  that  Mr.  Rutlcy  and  I  have  com- 
Uned  to  make  out  a  case  of  ''  The  Queen  v.  Mackintosh."  I  differ 
from  them  both.  A  friend  of  mine,  accustomed  to  the  aiguilles  and 
horns  of  the  Alps,  remarked  that  our  hills  looked  like  great  heaps 
of  rabbish  shot  out  of  a  cart;  and  "a  distinguished  personage"  once 
add  to  me  with  characteristic  vehemence — **  The  whole  of  Cumber- 
land is  one  vast  rdcke  motUonnie,'* 

Is  not  this  the  result  we  should  expect  from  a  thick  sheet  of  ice 
moTing  across  the  whole  country,  leaving  its  marks  in  boulders  and 
glaciated  rocks  near  the  Tarns  of  Busco  at  a  height  of  2,.'{00  feet,  in 
acratches  across  the  water-shed  between  Grasmere  and  Loughrigg 
Tarn,  in  boulders  on  Silver  How,  in  scratches  across  the  water-sheds 
of  Kentmere  and  Long  Sleddale,  and  finally,  as  Mr.  Croll  suggests, 
in  the  erratics  of  Stainmoor  ? 

If,  as  the  climate  grew  warmer,  this  sheet  of  ice  shrank  into 
glaciers  of  the  Alpine  type,  should  we  not  then  have  such  scratchings 
and  roundings  as  we  find  in  the  bottoms  and  along  the  sides  of  the 
dales? 

These  scratches  in  the  valleys  would  then  be  more  recent  than 
those  across  the  water-sheds. 

I  do  not  understand  how  the  want  of  parallelism  in  some  of  the 
acratches  is  any  bar  to  our  supposing  them  to  be  the  product  of 
land-ice.  When  two  ice-currents  meet,  the  stronger  will  deflect  tlie 
conrse  of  the  weaker;  and  if  its  strengtli  vary  ever  so  little,  ac- 
cording  to  the  season,  so  also  will  the  direction  of  the  scratches. 

Let  not  Mr.  Mackintosh  say  : 

<' Provenicbant  oratorcs  novi,  stuUi  adolescentuU." 
I  apeak  only  of  what  I  have  seen  in  the  last  three  years  in  the  val- 
leys reaching  from  Little  Langdale  to  Long  Sleddalc,  and  in  the 
Green  Slate  area.     The  rest  of  his  paper  I  leave  to  those  who  know 
the  country  he  treats  of. 
Gbolootcal  Survey,  Grabjcere,  Qko.  Hyde  Wollaston. 

16M  February,  1861. 

THE  SUPPOSED  THERMAL  SPRINGS  IN  CAMBRIDGESHIRE. 

81B, — ^The  explanation  which  the  Rev.  0.  Fisher  suggests  as  to 
the  cause  of  the  heated  water  in  the  fen  wells,  to  whicli  I  ciilled 
attention  at  Liverpool,  is  that  which,  when  I  first  heard  of  the  cir- 
cumstance, occurred  to  my  own  mind. 

I  am  quite  disposed  to  accept  it,  if  it  can  be  made  to  square  with 
the   facts,  as  I  confess  I  am  unable  satisfactorily  to  explain  the 
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matter,  bat  it  did  not  seem  to  me  at  the  time  to  do  so,  nor  doei 
now,  for  the  following  reasons : — 

Well  No.  1  appears  to  have  been  sunk  through  5  or  6  feet  of  pe 
then  1^  foot  of  clay;  the  water  coming  from  a  seam  of  sand  benec 
the  clay;  the  heat  of  the  water  being  69^  on  March  14th  la 
while  that  of  the  air  was  39^. 

At  the  adjoining  farmyard,  half  a  mile  distant,  Well  No.  2 
supplied  from  the  surface  water,  and  this  showed  on  my  visit  no  sn 
abnormal  temperature ;  but  at  the  next  farm,  half  a  mile  beyoi 
where  Well  No.  d  pierces  the  clay,  I  found  again  the  water  to 
heated. 

If  the  heat  were  caused  by  the  decomposition  of  manure  (or 
the  peat),  one  would  suppose  that  the  water  nearest  the  surfi 
would  show  the  highest  temperature — the  contrary  being  the  case 

At  another  formyard.  Well  No.  4  shows  water  of  only  about  6 
Far.,  but  I  was  informed  by  the  proprietor  that  a  short  time  sii 
an  Abyssinian  tube-well  was  put  down  temporarily,  and  at  a  few  f 
greater  depth  it  brought  up  heated  water. 

Well  No.  6,  the  water  from  which  I  found  to  be  of  71  J°  of  te 
peraturc  on  March  14th,  and  79|^  on  June  2nd,  that  of  the  air  bej 
at  the  same  time  39^  and  70^  respectively,  is  sunk  through  grai 
and  the  water  from  it  is  so  pure  that  it  is  used  for  drinking  purpof 

Beside  this,  I  am  informed  that  the  phenomenon  has  been  obser« 
continuously  for  years,  not  only  in  winter,  when  the  yards  are  i 
of  stock,  but  in  summer,  when  they  are  unoccupied. 

Several  samples  of  water  have  been  analyzed  by  Mr.  Fran 
Sutton,  F.C.S.,  and  he  can  find  nothing  whatever  to  support 
hypothesis  that  the  heat  results  from  chemical  decomposition. 

I  feel  with  Mr.  Fisher  the  difficulties  of  any  other  than  a  chemi 

explanation,  but  I  have  called  attention  to  the  phenomcnou  becai 

I  think  there  is  a  primd  facie  case  for  further  investigation. 

IIeigham  Gkove,  Norwich,  -n  -wtt  -rr 

February  loth,  1871.  F.  W.  HabmeR. 


♦■ 

Student's  Elements  of  Geology.     By  Sib  Chables  Lyell,  Ba 
F.R.S.,  8vo.  pp.  624.     1871.     (London  :  John  Murray.) 

It  may  be  of  use  to  the  readers  of  this  work  to  learn  that  owing 
a  "  shift  in  printing,"  which  happened  during  the  production  of  \ 
copies  first  issueil,  certain  passages  in  pages  452  to  454,  are  rendei 
difficult  of  comprehension.  The  bottom  line  of  p.  452  should  be 
the  top  of  p.  451 ;  the  bottom  line  of  p.  453  at  the  t<  p  of  p.  45 
the  top  lino  of  p.  454  at  the  top  of  p.  453.  Tliis  error  is  correcl 
in  the  later  copies,  and  those  who  possess  the  faulty  volume  can  < 
tain  the  four  pages  properly  corrected  on  application  to  Mr.  Mum 
50,  Albemarle-street.  They  can  also  procure  at  the  same  time 
short  list  of  errata,  wliich  have  been  lately  printed,  and  in  which  i 
most  important  correction  is  the  substitution  of  the  word  "mi 
nesia"  for  that  of  "  lime  "  in  the  last  line  but  one  of  p.  485. 
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EMINENT  LIVING  GEOLOGISTS. 

SuTGH  ov  THS  SoixKTirio  LiFK  OF  Thomas  Dayidson,  F.RS. 

(With  ▲  Pobt&ait.) 

rpHEBE  are  but  few  men  wHo,  having  passed  many  of  the  best 

1  yean  of  their  lives  in  almost  constant  retirement,  have  achieved 
nWst  an  amount  of  solid  and  lasting  work,  have  attained  to  so 
U§^  a  position  amongst  their  fellow-workers,  and  the  award  of 
liioee  numerous  and  well-merited, honours  has  caused  greater  satis- 
bction  among  his  scientific  brethren  than  Thomas  Davidson,  Esq.,  of 
Midifaousey  F.RS.,  F.G.S.,  Vice-President  of  the  Palaeontographical 
Sooety;  Member  of  the  Geological  Societies  of  France,  Edinburgh, 
•nd  Glasgow ;  Member  etranger  de  Tlnstitut  des  Provinces,  France, 
•Dd  Linnean  Society  of  Normandy ;  Imperial  Mineralogical  Society 
of  St  Petersburg  and  of  the  Imperial  Society  of  Naturalists  of 
Moscow ;  Boyal  Academies  of  Belgium  and  of  Bavaria  ;  Societe 
Bojale  Hollandaise  des  Sciences,  Haarlem ;  Royal  Society  of  Licgo ; 
Academy  of  St.  Louis ;  American  Philosophical  Society,  Philadel- 
phia; Zoological  Society  of  Vienna;  Paleeontological  Society  of 
Belgium;  Hon.  Member  of  the  Geologists'  Association,  the  Dudley 
ttd  Midland  G^logical  and  Scientific  Society,  etc. 

He  was  bom  in  Edinburgh  17th  of  May,  1817,  and  his  parents  pos- 
leeied  considerable  landed  propeirty  in  the  county  of  Midlothian. 

At  six  years  of  age  he  was  taken  to  the  Continent,  and  with  the 
exception  of  occasional  visits  to  Scotland  was  entirely  educated  in 
Fnnoe,  Switzerland,  and  Italy,  under  the  direction  of  French  and 
Italian  tutors. 

At  eleven  years  of  age  (it  would  appear)  he  had  already  evinced 
I  marked  predilection  for  the  study  of  Natural  History,  as  well  as 
for  that  of  the  fine  arts,  and  consequently  every  effort  was  made  by 
l^is  parents  in  order  to  secure  for  him  tlie  great  advantages  which 
Paris  affords  to  the  scientific  and  artistic  student.  During  five  or 
«ix  years  yoimg  Davidson  followed  the  classes  of  Cordier,  Elie  de 
Beaumont,  Constant  Prevost,  Dufrenoy,  Geoffrey  Saint  Hilaire, 
Dumeril,  Valenciennes,  de  Blainville,  Milne  Edwards,  Audouin, 
Brongniart,  Pouillet,  Baron  Thenard,  and  other  great  masters  in 
■cicDce ;  these  admirable  lectures  being  delivered  free  of  charge  to 
tiK)8e  who  attend  them,  at  the  Sorbonne,  Jardin  des  Plantes,  Ecole 
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dee  Mines,  and  College  de  Fiaiioe^  the  Fnnoh  Qowwmm&aA  ddof- 
ing  all  expenaes. 

In  1832  the  sfcady  of  Sir  OhazlM  Lydl'i  '^PrinoiplM  of  Gedkff," 
as  well  as  the  intimaqy  whkli  had  sprang  up  between  fftrnitirt 
Prevost  and  Davidson,  led  the  latter  to  bestov  greater  sttention  «pN 
the  soienoes  of  geology  and  palsMWitology.  so  wnoli  ao  IhaiatflfiMi 
years  of  age  he  had  aueadyy  under  the  goidaaoe  of  Oonstanft  Ftevorii 
explored  the  laiger  portion  of  the  nsin  of  Ftaria^  ttul  filmed  • 
remarkably  good  oolleotioa  of  its  rooka  and  tomdbu 

In  1835  Davidson  xnatrionlated  at  the  UniTenttr  of  E^bibaq^ 
followed  the  leotnres  of  VroL  Jamieaon,  and  flie  ohemioal  daai  rf 
Dr.  Beed ;  he  also  aoooimnanied  and  aariated  lEr.  B.  Qaanbii^atm 
in  his  geolQgioal  survcrv  of  the  three  TiOthiana. 

In  the  winter  of  1886  he  retamed  to  tte  nn«ti«^w*^  ^ndy  haimv 
in  hand,  and  chiefly  on  fi)ot»  explored  a  laige  portum  <rf  Fnasa^ 
Belgium,  Switzerland,  Germany  and  Italy. 

^n  after  1887  Mr.  Davidson  became  ao^pafaited  widi  BamiTQa 
Bnoh,  and  was  stron^y  mfged  by  that  dtstLngoiahed  Pmasiaii  geo- 
logist to  undertake  a  minute  and  aeatohing  study  of  flie  leosnt  nl 
fossil  Brachiopoda,  and  espeoiaUy  so  aa  thai  faaportaat  diviaioa  rf 
the  Invertebrata  was  then  Tery  litlilia  miderstood.  He  Kkswiii 
pointed  out  to  him  the  great  aoraatagea  geology  mig^t  reap  tarn 
a  successful  elaboration  of  the  daas.  Datidaon  tlievelbra  aat  ti 
work  in  good  earnest,  and  gradually  aaaemhled  all  that  mig^  tail 
to  elucidate  their  characters,  olaasifloatian,  histoiyy  and  ttteir  Mh 
logical  and.  geographical  distribution.  Frcnn  1887  to  1870  he  Ml 
devoted  all  nia  powers  (and  without  any  peooniary  xewaid)  to 
advance  that  portion  of  palnontdlogyy  aa  well  aa  to  stimulate  i^ 
searches  upon  the  same  sucjeot  by  oSenrs. 

Mr.  Davidson  also  indulged  to  a  oonsiderable  extent  lua-taale  for 
the  fine  arts,  and  was  during  four  years  an  attentive  and  &voand 
pupil  of  Paul  Dolaroche.  He  exhibited  a  cartoon  at  WeatminatHr 
Hall,  and  pictures  at  different  exhibitions.  He  studied  alao  tor  twe 
years  at  the  £cole  des  Beaux  Arts,  and  there  reoeiyed  inatmotion 
from  Horace  Vemet  and  other  distinguished  French  AoademioiaiM. 
Indeed,  he  was  urgently  solicited  by  Paul  Delaroehe  and  othen  to 
abandon  the  pursuit  of  science,  and  to  g^ve  himi^lf  cm  eoAirely  to 
the  art  of  painting,  and  with  that  intention  spent  tne  winter  of 
1841  in  Borne ;  but  the  early  implanted  love  for  sdentifio  reseavohes 
at  last  predominated,  and  he  subsequently  made  use  of  his  knowledga 
of  drawing  as  a  most  important  auxiliary  to  his  scientifio  Isbonrai 

In  1846  and  1847  Mr.  Davidson  devoted  much  time  to  a  oareftd  eoc- 
amination  of  a  large  portion  of  Sir  B.  Murohison's  Silurian  Distriol^ 
and  after  a  short  sojourn  in  Paris  in  1848  (having  been  preaent  at 
the  Bevolutions  of  1830  and  1848)  he  was  requeued  by  Irnrfeaaon 
E.  Forbes,  J.  Morris,  S.  P.  Woodward,  and  Dr.  Boweibank  to 
prepare  a  monograph  of  British  fossil  Brachiopoda  for  the  Palnon- 
tographical  Society.  The  publication  of  the  first  portion  of  that 
monograph  was  commenced  in  1850,  and  terminated  in  1870L  Tlua 
work  is  composed  of  three  thick  quarto  volnmeSi  and  la  illnstnited 
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n  plates,  drawn  upon  stone  by  his  own  hands.  The  labour 
exion  with  this  work  has  been  enormous,  necessitating  much 
;  well  as  cabinet  labour,  but  the  undertaking  was  so  fieivour- 
Lowed,  both  at  home  and  abroad,  that  he  reoeiyed  eveiy 
9  encouragement  and  assistcmee  from  every  person  to  whom 

occasion  to  apply,  so  that  the  number  of  specimens  that 
through  his  hands  for  examination  during  the  last  thirty  or 
ears  has  been  perfectly  surprising.  It  became  neoessary  in 
lat  he  should  propose  a  new  classification  for  the  entire  group, 
s  part  of  the  work  soon  went  through  a  I^nch  and  German 
His  general  introduction  was  revised  by  himself,  and 
bed  into  French  and  (German  by  M.  K  Deslongchamps  and 
!,  and  by  Dr.  Suess  and  Count  Marshall,  of  THenna ;  Prof. 
Dr.  Carpenter,  and  Sir  B.  Murohison  likewise  kindly  con- 
1  diapters  to  the  book. 

Qg  the  period  employed  in  the  preparation  of  his  English 
layidBon's  attention  was  continually  directed  to  the  study  of 
sent  and  of  foreign  fossil  species,  as  it  was  necessary  to 
e  a  comparison  between  those  found  in  other  parts  of  the 
md  those  that  occur  in  Great  Britain,  and  likewise  to  ascer- 
lat  was  the  geological  and  geographical  distribution  of  the 
proap..  The  study  of  the  soft  parts  of  the  animal  was  also 
ly  prosecuted.  Some  of  the  results  of  these  investigations 
een  contributed  to  the  Quarterly  Journal  of  the  G^logical 
,  the  Bulletin  de  la  Society  Geologique  de  France,  the  Annals 
ig.  of  Nat.  Hist.,  the  Qeologist  and  Gsologioal  Magazins, 
wion  Geological  Journal,  Proo.  of  Linnean  Soc.  of  Normandy, 
k>o.  of  London,  Transactions  of  the  Geological  Society  of 
w  and  Royal  Society  of  Li^ge,  etc. 

i5S  Mr.  Davidson  was  elected  one  of  the  Honorary  Secretaries 
Geological  Society  of  London. 

he  17th  of  February,  1865,  Mr.  Davidson  received  from  the 
.  of  the  Geological  Society  the  Wollaston  Gold  Medal,  and 
25th  of  September,  1868,  Sir  R.  Murchison  presented  him 
Silurian  Medal  (Survey)  for  his  ^*  Illustrations  and  History 
rian  Life.*' 

ecember,  1870,  Mr.  Davidson  was  awarded  the  G^old  Medal 
Royal  Society  in  recognition  of  his  valuable  contributions  to 
tology. 
lie  ^niversary  Meeting  of  the  Palseontographical  Society 

31st)  this  year,  the  Council  of  that  Society  presented  to  Mr. 
)n  a  copy  of  his  magnificent  work  on  British  Fossil  Brachio- 
andsomely  bound,  as  a  small  expression  of  their  high  estima- 
his  vahia])Ie  and  protracted  labours  for  the  promotion  of  the 
of  the  Society. 

of  Mr.  Davidson's  published  works. 

ih  Fossil  Brachiopoda.    3  volumes  la  quarto.     1258  pages.     171  plates. 

1850-1871. 
irks  on  some  Species  of   Brachiopoda.     London  Geol.  Journal,   1847. 

8  pages.     1  plate. 
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3.  Observations  on  some  Wenlock  Limestone  Bncbiopoda,  with  deseripiioni  of 

several  New  species.    London  Geol.  Jounud,  1847.    14  pages.    2  platei. 

4.  Plate  representing  four  specimens  of    HjfpoHthoerinitet  gronulotm  (Lewii). 

London  Geol.  Journal,  1847.     1  plate. 

5.  Descriptions  of  some  Species  of  Brachiopoda  fin  conjanctlon  with  Prof.  Moim). 

Annals  and  Mag.  of  Nat.  Hist    2nd  series.    1847.    9  pages.    2  pUtei. 
^.  Memoire  sur  les  Brachiopodes  dn  Syst^me  Silurien  Sup^rieur  de  TAngletem. 
Bull.  Soc.  Geol.  dc  France,    vol.  v.,  2ad  series,  1848.    30  pages.    2  plitM. 

7.  IWponsc  aux  observations  faites  par  M.  Desbayes  dans  la  Seaiice  da  8  Mtj, 

1848.    5  pages. 

8.  Note  sur  le  MagM  pumiltu  (Sow.),  in  conjunction  with  Mr.  Bonchard.   Boll  Soc. 

Geol.  de  France,    vol.  v.,  2nd  series.     1848.     8  pages.     1  plate. 

9.  Observations  sur  quelques  Brachiopodes  Siluriens.    Bull.  Soc  GeoL  de  Fianoe. 

vol.  vi.,  2nd  series,  1849.     4  pages. 

10.  Note  sur  quelques  6sp^es  de  Leptana  du  Lias  et  da  Marlstone  de  France  et 

d' Angleterre.  Bull.  Soc.  Geol.  de  France.  2nd  series,  vol.  vL,  1849.  4  psgtt- 

11.  Memoire  sur  quleques  Brachiopodes  Nonveaux  on  pea  connas.  BalL  Soc  GtoLde 

France,    vol.  viii.,  p.  62,  1849.     13  pages.     1  plate. 

12.  Notes  on  an  Examination  of  Lamarck's  Species  of  Fossil  Terebratols,  and(m 

the  Internal  Structure  of  T.  peeluneuloidtg^  etc.    Annals  and  Mag.  of  Nat 
Hist.    2nd  series,  vol.  v.,  1860.    22  pages.    3  plates. 

13.  Notes  and  descriptions  of  a  few  Braohiopoaa,  including  a  Monograph  of  Freneh 

Lia&sic  Spirifers.    Annals  and  Mag.  of  Nat.  Hist.    2nd  series,  toL  ii.| 
1852.     19  pa^cs.     3  plates. 

14.  Sketch  of  a  Classincution  of  recent  Brachiopoda,  based  upon  internal  orgtni- 

sation.     Annals  and  Mag.  of  Nat.  Hist.     2nd  series,  vol.  iz.,   1862.    17 
pages,  and  numerous  woodcuts. 

15.  On  some  recent  species  of  Brachiopoda.     Proc.  of  the  Zool.  Soc.  of  Londoo, 

1852.     9  pnges.     1  plate. 

16.  Lettro  sur  la  Classification  dcs  Brachiopodes.    Bull.  Soo.  GwiL  de  France    2nd 

series,  voL  x.,  1863.    4  pages. 

17.  Sur  les  Obolua  Anglais.    Bull.  Soc.  Geol.  de  France,    vol.  x.,  1863.    2  pages. 

18.  Ou  some  Fossil  Brachiopoda  of  the  Devonian  Age  from  China.     Qoarterlj 

Journal  Geol.  Soc,  vol.  ix.     1853.    7  pages.     1  plate. 

19.  Obscr\'ations  on  the  Chonetes  eomoidet.     Quarterly  Journal  GeoL  Soc,  toL  x., 
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21.  A  few  remarks  on  the  Brachiopoda,  etc.    Annals  and  Mag.  of  Nat.  Hist.     1865. 

17  pages.     1  plate. 

22.  Ec vised  French  Edition  of  his  General  Introduction  (translated  by  M.  Deslong- 
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Proc.  of  the  Royal  Soc.  of  Liege  for  1869. 
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NoTB.— So  that  he  has  published  up  to  this  date  some  2220  pages  and  244  plates ! 


L — BSMABKB   UPON  InYEBSIONS  OF  CaBBONIFKBOUS   STBATiL   IN 

SOMKBSSTSHIBE. 

By  HoKACB  B.  Woodward,  F.G.S.,  of  the  Geological  Surrey  of  EngUnd. 

DURING  the  past  few  years  Mr.  Charles  Moore  and  Mr.  J. 
McMortrie^  have  called  attention  to  a  remarkahle  inversion 
of  strata,  which  was  indicated  by  the  working  of  coal  under  the 
Mountain  Limestone  near  Yobster,  on  the  north  of  the  Mendip 
Hilla.  And  this  fact  renders  necessary  an  important  modification 
in  the  geological  sections  of  the  district. 
This  inverted  structure  seems  generally  to  be  attributed  to  a 

^  C.  Moore,  Gbol.  Mao.  for  July,  1866,  p.  331,  and  Quart  Joum.  Geol.  Soc., 
vd.  zziii^  1867,  p.  453.  In  the  latter  publication,  referriug  to  his  interestiDg 
disootery  of  a  trap  dyke,  near  Stoke  Lane,  on  the  Mendip  Hills,  Mr.  Moore  remarks 
thi^  hy  its  protrusion,  the  Old  Bed  Sandstone  and  Carboniferous  rocks  hare  been 
eairiM  forward  in  a  northerly  direction,  and  are  not  only  left  standing  yertioally,  but 
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folding-over  of  the  main  ridge  or  anticlinal  of  the  Mendip  range, 
but  no  one,  so  far  as  I  am  aware,  has  been  bold  enough  to  lepre- 
sent  the  idea  in  diagram. 

The  subject  is  to  a  great  extent  theoretical, — ^the  facts  connected 
with  it  are  not  sufficient  to  render  possible  a  definite  solution  of 
it, — ^but  the  strata  are  so  remarkably  disturbed,  that  it  oonld  hardly 
bo  otherwise.  I  have  for  some  time  been  puzzled  to  draw  a  section 
that  would  satisfactorily  account  for  the  phenomena,  and  being  led 
to  differ  from  the  prevalent  notion,  I  venture  to  publish  one,  whid 
I  think  will  explain  the  general  structure  of  the  district.  Or, 
perhaps,  by  exciting  discussion,  it  may  be  the  means  of  eliciting 
further  information,  and  of  thus  obtaining  more  correct  information 
upon  the  subject. 

At  Luckington  and  Vobster,  near    Coleford,  three  patches  of 
Mountain  Limestone  appear  in  the  midst  of  the  Coal-measures. 
When  originally  mapi)ed  by  the  officers  of  the  Geological  Surv^/ 
tlioy  were  considered  to  be  due  to  upheaval,  bosses  of  the  rock  being 
represented  in  their  Horizontal  Sections  as  thrust  up  through  the 
Coal-measures.'     With  the  facts  then  observed,  this  was  the  safest 
theory  to  atlopt,  but  now  that  coal  has  been  worked  beneath  the 
Limestone  a  different  theory  is  necessary  to  account  for  their  posi- 
tion, and  an  inversion  of  some  sort  must  be  the  correct  explanation. 

Inversions  of  strata  are  by  no  means  new  features  in  this  district 
In  1824  IVIessrs.  Buckland  and  Conybeare  pointed  out  that  in  the 
Kettlel^iidge  Valley  the  coal -strata  are  sometimes  in  a  vertical 
p()i?ition,  for  at  Pitcot  a  shaft  was  sunk  in  one  bed  of  coal  to  a 
(lop til  of  eighty  fathoms,  while  towards  Mells  tliey  noticed  the 
Birata  to  be  actually  inverted,  and  occasionally  so  disturbed  that  at 
Vol  »ster  the  same  bed  of  coal  was  thrice  passed  through  in  a  shaft.' 

In  reference  to  this  subject,  by  far  the  most  important  contributions 
are  those  of  Mr.  McMurtrie. 

In  his  paper  on  the  "  Faults  and  Contortions  of  the  Somersetshire 
Coal-field,"  he  mentions  the  folded  and  contorted  strata  of  the 
Nettleljridge  Valley,  and  he  remarks  that  the  amount  of  confusion 

are  in  some  instances  folded  over  upon  thomselycs.  In  illustration  of  this  he  men- 
tioiiK  tlu!  workinjr  of  coal  beneath  the  Mountain  Limestone  of  LuckingftoB. 

J.  McMurtrie,  ''  Faults  and  Contortions  of  the  Somersetshire  Coal-field,"  a  paper 
read  hefon?  the  Bath  \at.  Hist,  and  Antiq.  Field  Club,  24th  Feb.,  1869. 

Mr.  S.  W.  Brico,  in  his  **  Ksaay  on  the  Coal-field  of  Jforth  Somersetshire,"  1867, 
mentions  that  at  Vobster  branches  have  been  driven  right  under  the  Mountain 
Jiimcstonc  in  search  of  coal.  And  he  suggests  that  when  the  Mendip  range  was 
conHidt^rablv  higher  tlian  it  is  now,  masses  of  the  Limestone  mi^ht  easily  have  been 
dislocated  from  their  parent  rock,  and  have  roUod  down  a  species  of  inclined  plane 
into  the  positions  they  now  occupy. 

*  Two  of  these,  the  one  at  Luckington  and  the  other  at  Upper  Vobster,  were 
laid  down  on  the  Geological  Survey  Map,  sheet  19.  During  a  re-survCT  of  the 
ground,  Mr.  W.  A.  E.  Usshcr  has  carefully  traced  out  the  boundaries  of  the  three. 
Ihcy  were  very  accurat<»ly  laid  down  by  Mr.  W.  Sanders,  F.R.S.,  in  his  "  Map  of  the 
Bristol  Coal  Fields,  and  country  adjacent,"  1864. 

'  A  similar  section  was  given  by  Buckland  and  Conybeare.  Trans.  Geol.  SoCi^ 
series  2,  vol.  L 

'  Trans.  Geol.  Soc.,  series  2,  vol.  i.,  p.  255.  Sec  also  Conybeare  and  Fhillipe, 
"  Geology  of  England  and  Wales,"  1822,  p.  428. 
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^iUch  the  Coal-strata  present  is  snoh  as  to  baffle  descriptioii.'    From 

Boloombe  to  Mells  the  beds  are  inverted,  and  dip  to  the  south  at 

mioQs  angles,  and  he  states  that  "at  Nettlebridge  every  yard  of 

the  ground  has  been  proved,  and  the  gradation  traced  from  t)^e  point 

St  which  the  true  northern  inclination  exists  to  where  the  abnormal 

mithem  inclination  shows  itself."     From  this  he  infers  that  the 

nme  disturbance  which  folded  the  Coal-measures  back  upon  them- 

nlves  carried  with  them  masses  of  Limestone,  of  which  the  patches 

m  question  aiB  traces. 

He  does  not,  however,  attempt  to  explain  this  in  the  section  he 
|iYBs^  merely  drawing  a  patch  of  Limestone  resting  unoonformably 
^Nm  the  inverted  Coal-measures. 

In  attempting  to  account  for  these  vestiges  of  Limestone,  two 
theories  suggest  themselves.  One,  to  which  allusion  has  been  made, 
k  that  the  Mendip  anticlinal  was  so  folded  over  to  the  north  as  to 
Wng  the  Mountun  Limestone  above  the  Coal-measures.  But  a 
mions  difficulty  at  once  presents  itself.  What  has  l)ccoDie  of  the 
Millstone  Qrit,  which  should  occur  between  the  two  ?  No  trace  of 
thk  has  been  observed  around  any  one  of  the  three  patches  of  Lime- 
toe.'  The  Grit  is  present  in  its  regular  position*  but  a  mile  ofif, 
tiioiougfaly  conformable,  as  there  is  a  graduid  passage  between  it 
ttd  the  Mountain  Limestone  below,  and  between  it  and  tlie  Coal- 
Mttures  above.'  The  thought  occurs  that  it  might  have  thinned 
oat  That  probably  the  area  in  which  it  was  deposited  was  shallow- 
ing, and  that  this  is  not  to  be  accounted  for  by  increase  of  sediment 
tlnie,  but  must  have  been  aided  by  elevation.  That  the  elevation 
beiog  of  unequal  intensity  over  the  whole  area,  the  Mountain  Lime- 
itone  might  be  raised  above  the  sea-level  in  places,  leaving  the  Grit 
to  be  deposited  in  patches.  Afterwards  the  Coal-measures  would 
entirely  cover  it,  and  overlap  in  places  so  as  to  rest  directly  upon 
the  Mountain  Limestone.^ 

But  this  is  not  a  happy  thought;  there  is  no  evidence  whatever  to 
soppurt  a  notion  that  any  portion  of  the  Mendip  area  was  above 
water  whilst  the  Millstone  Grit  was  in  process  of  formation. 
Again,  the  Millstone  Grit  near  Coleford  has  been  estimated  (by 
Mr.  McMurtrie)  to  have  a  thickness  of  500  feet ;  therefore,  it  could 
not  well  have  thinned  out  in  so  short  a  distance.  And  it  is  no 
doubt  persistent  along  the  Mendip  Hills,  although  the  greater  portion 
of  it  is  concealed  by  the  Kcuper  Marls  and  Conglomerates.     It  is 

*  It  has  been  remarked  that  the  diBtiirbaiices  in  the  Somersetshire  Coal-field 
Ikmish  "  our  nearest  approach  in  Great  Britain  to  the  abrupt  foldings  which  are  so 
remarkable  in  the  CoaUfield  of  Bcl|^um."    (W.  W.  Smyth,  etc.^ 

'  And  Mr.  McMnrtrie  kindly  informed  me  in  a  letter  dated  March  8th,  1870,  that 
» far  as  he  was  aware  the  Millstone  Grit  has  never  been  detected  between  the  Linie- 
itone  and  the  Coal-measures  at  Luckinc^n  and  Vobster. 

*  This  sradual  passo}^  is  clearly  shown  in  Vertical  Sections  (sheets  11  and  12) 
published  b?  the  Geolocricol  Survey  of  England.  Indeed,  it  is  well  known  that 
from  the  Old  Bed  Sanuistone  to  the  Coal-measures  in  this  area,  there  is  no  physical 
Vretk  whatever. 

^  On  this  subject,  see  alio  the  remarks  of  Professor  Ramsay,  Mom.  Gcol.  Survey, 
▼oL  L,  p.  312. 
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ezpoaed  from  Mdls  to  naw  AahwidE;'  it  was  pibbdUj  nMked it^^ 
boring  at  Gbewton  Hendip  ;^  Mr.  Saaden  liaa  notioad  a  tnoaof  fi" 

near  Compton  Martin  ;*  aro  in  llie  aimimarof  1889|  I  mapped  tiMtf 
of  it  near  Weill,  on  the  aootham  alope  of  the  Menchpa,  ^lera^ 
however,  it  had  previonaly  been  obaervod  by  Mr.  WUliami^  of  to 
GeologioBtl  Survey.  Being  mmwaie  of  tfaia  at  llie  tima^  I  was  Booh 
pleased  to  &id  my  work  oorroboiafted.* 

Having  oome  to  the  oonolaiion  Uai  the  MiHatonn  Grit  bai  aol' 
died  out,  we  have  still  to  aoooimt  fat  ita  abaenoeb  and  ilia  aid  of 
&alt8  moat  be  invoked  in  order  to  get  rid  of  it 

But  are  there  any  £M3ta  to  ahow  t£at'ihe  main  ridge  of  Meiid^ ma 
folded  over  ?  Now,  althoo^  the  Ooal-atrata  praMot  every  vans^ 
of  diaturbanoe,  this  ia  decidedly  not  the  oaaa  with  the  MboBlaiR 
Limestone  and  Old  Bed  Sandstone.  On  the  noxthent  aide  of  to 
Mendips  they  attain  a  mndh  higgler  genaial  inclination  ,1haa  an  to 
aouthem  side,  and  in  one  looalify  (near  Stoke  Lane)  Mr.  Saadento 
observed  the  Limestone  in  a  vertical  goaition.  Bat  never,  ao  fiff  as 
I  am  aware,  has  it  been  notioed  to  be  inverted  along  to  bordsn  of 
the  Nettlebridge  Valley,  the  average  dip  being  between  60^  and  KP 
in  a  northerly  direction.^ 

The  C!oal-measure0  must  not  be  taken  aa  affording  a  type  of  to 
amount  of  disturbanoe  whioh  to  diatriot  baa  auSand — to  whoto 
series  of  rocks  would  be  bent  and  fidded,  but  whitat  m^der  prossuo 
the  Mountain  Limestone  and  Old  Bed  Sandatone  woold  be  bardsaA 
unyielding,  the  ooal-shalea  would  be  aqoeeMd  iqp  and  oontortedBa 
all  manner  of  ways,  as,  indeed,  Hbssj  are  now  ibanil.* 

Mr.  McMurtrie  remarks  that  Ihe  "New  Book  aeriea,*'  tein^  ofaiflflf 
composed  of  strong  sandstones,  does  not  present  ao  much  diatartioa 
as  the  other  beds  in  the  Coal-meaaurea. 

There  seems  to  be  no  evidence  in  fitvonr  of  to  toozy  that  to, 
Mendip  anticlinal  was  folded  over,  and  to  tote  obaerved  are  aguast 
such  a  notion. 

By  introducing  a  fold  further  to  the  north»  and  by  oalUng  ftiitti 
to  our  assistance,  the  position  of  these  Limeatone  manaoa  may,  I 
think,  be  satisfactorily  accounted  for — and  without  reaortiQg  to  ai^ 
form  of  structure  which  is  not  ahready  known  in  to  Mendqi  areas 

The  accompanying  section  shows  my  attempt  to  explain  to 
general  structure. 

^  McMnrtrie— Leoture  on  the  Carlxmifefoiii  Strata  of  SonMnetdura^  lasa,  p.  li. 

*  Map  of  the  Bristol  Coal  Fieldi,  etc 

*  De  la  Beche,  Mem.  Geol.  Surrey,  toL  i,  1846,  p.  41S. 

^  Vid4  Sanden'  Map.  The  oilIt  loisati^  where  aaytiiiiig  Uke  la  isTRmi  liat  be« 
oheerred,  Ib  by  the  road-tide  at  dhuohill  Batch,  at  the  werten  edge  of  the  Mendip 
range.  Proceeding  along  the  hiffh  road  in  a  nortiieriT  direetion,  the  Moeitani 
limestone  is  seen  ctippinf  at  a  high  angle  to  the  north,  taen  it  beeomei  ?ectioBl,  nl 
a  little  further  on  the  beds  dip  to  the  south.  The  whole  is  teen  deailT  in  oeaaeetiaB, 
and  it  forms  an  excellent  example  of  "  fan-shaped  "  itmetore.  This  wm  ongiaaDy 
notioed  bj  Bockland  and  Gonybeare,  who  regarded  it  aa  a  sharp  syndinaL  Mr. 
McMnrtrie  admits  that  the  Mountain  Limestone  has  not  aa  a  rule  Men  IbUad  baA 
reffardinff  the  Vobster  patches  as  exceptions. 

*  I  find  that  the  same  idea  is  expressed  by  Ckmybeara  and  FUni^  ^k  esfc,  pp.  S47 
asdseo. 
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The  relative  thicknesses  of  the  formations,  and  their  general  dip, 
have  of  course  received  attention. 

The  fan-shaped  anticlinal  would  have  exerted  sufficient  force  to 
produce  any  amount  of  contortion  in  the  Coal-measure  shales ;  tlM 
twisted  heds  to  the  south  and  the  inverted  strata  on  the  north  an 
well  accounted  for.  The  beds  of  course  would  not  have  stretchec 
across  the  entire  distance  represented  by  the  dotted  line  ;  great  rent 
and  fractures  must  have  occurred,  and  while  the  beds,  as  is  wel 
known,  were  very  much  faulted,  there  is  not  much  difficulty  in  ima 
gining  the  little  patch  of  Limestone  at  Lower  Yobster  to  be  the  reli 
of  a  mass  faulted  into  such  a  position — along  with  the  Goal-measure 
which  have  been  let  down  between  the  masses  of  Limestone.^ 

In  regard  to  the  origin  of  the  Limestone  at  Luckington,  a  similii 
and  probable  continuation  of  the  same  disturbance  would  accom 
for  it.  As  "  reversed  "  faulting  has  been  introduced,  it  should  I: 
mentioned  that  cases  of  this  are  not  uncommon  in  the  Mendip  arei 
In  the  last  volume  of  the  Gbologigal  Magazine  attention  was  n 
directed  to  a  reversed  fault  at  Uphill,  near  Weston-super-Mare,  whil 
in  the  Radstock  Coal-field  there  are  numerous  "overlap  faults,"  as  the 
are  termed,  where  seams  of  coal  have  been  forced  over  one  anothe 
so  that  pits  sunk  on  the  spot  pass  twice  through  the  same  seams.' 

The  Millstone  Grit  has  been  inserted  conformable  to  the  Mom 
tain  Limestone  on  its  northern  side  at  Upper  Vobster.  This 
purely  hypothetical,  for  the  surface  is  obscured  by  a  covering  ( 
Inferior  Oolite.  As  the  bods  are  known  to  be  inverted  to  the  norti! 
the  Grit  mjglit  very  well  come  in  between  the  Coal-measures  ai 
the  Mountain  Limestone.  The  explsinaiion  at  any  rate  is  as  sati 
factor}-  as  one  that  would  cut  it  off  again  with  the  aid  of  another  faul 

And  now  as  regards  the  plan :  two  at  least  of  the  patches  mu 
be  surrounded  by  faults.  But  considering  the  great  disturbanc 
to  which  the  beds  have  been  subjected,  the  dislocations  must  ha^ 
been  very  numerous.  Faults  are  known  to  be  common ;  on  tl 
original  theory  the  bosses  of  Limestone  were  surrounded  by  fault 
therefore  one  need  not  be  scrupulous  about  retaining  them. 

Of  several  vai'ieties  of  structure  I  have  drawn,  the  one  no 
given  appears  to  me  the  most  satisfactory.  The  problem  is  as  f u 
of  (lifHculty  as  it  is  of  interest  It  seems  to  me  that  the  isolati 
patches  of  Limestone  could  not  have  been  thrown  over  from  tl 
main  anticlinal ;  the  explanation  I  have  drawn  seems  to  accord  wi 
the  known  facts.  And  here  I  leave  it,  in  the  hopes  that  it  mi 
tend,  in  some  degree,  to  the  elucidation  of  the  phenomena. 

*  This  is  the  kind  of  structure  so  characteristic  of  the  Alps — as  noticed  by  Stnd 
Dcsor,  Lory,  and  others. 

2  G.  C.  Greenwell,  "  Notes  on  the  Coal-field  of  East  Somerset."  Trans.  North 
Enffland  Inst,  of  Mining  Engineers,  vol.  ii.,  1864,  p.  255. 

Greenwell  and  McMurtrie,  "  On  the  Radstock  portion  of  the  Somersetshire  Coi 
field."     18G4.    p.  17. 

McMurtrie,  **  Faults  and  Contortions,"  etc. 

The  faults  in  the  Somersetshire  Coal-field  are  worthy  of  much  study  firom  th 
variety  and  remarkable  characters.  Mr.  McMurtrie  mentions  an  instance  of  beds  thi 
nin^  out  towards  a  fault,  a  fact  that  may  sometimes  be  noticed  in  the  liai  where 
is  sunilarly  affected. 


O.  H.  KinaAanr--jEolian  Drift.  155 

n. — ^^OLUH  Dbift  OB  Blowiho  Sand,  Ibxland. 

Bj  0.  H.  EnrjLHAN,  M.E.IJL,  etc,  etc 

TIC  many  ports  of  the  world  large  aooamulations  of  blowing  sand 
X  exist,  either  on  the  sea-board  or  inland.  When  inland  it  usually 
u  oomposed  for  the  most  part  of  silicious  particles ;  but  when  in  the 
ndghbourhood  of  the  sea,  it  is  more  or  less  mixed  with  shells,  corals, 
eto.;  moreoTor,  it  may  merge  into  shell-sandy  a  highly  calcareous 
Diift,  formed  of  the  debris  of  shells,  oonJ,  madrepore,  and  other 
mvine  oigamo  remains. 

Aooumidations  of  iEolian  Drift,  such  aa  the  sands  of  the  Sahara, 
neiii  to  be  of  marine  origin,  being  old  sea  basins,  while  others  may 
be  due  to  meteoric  abrasion,  frost,  heat,  wind,  etc.  disintegrating 
iinely  arenaceous  and  other  rocks,  and  thereby  forming  sands;' 
nenolheless  other  aocumulations  seem  to  be  glacier-formed.  These 
qoartriferous  ^olian  sands  in  Ireland  are  locally  known  as  Blowing 
Mad  or  Babbit  sand,  and  large  deposits  occur  in  various  places,  being 
VKMt  conspicuous  when  found  near  the  sea,  where  they  form  dreary, 
nndolating,  ever-changing  wastes. 

On  a  casual  examination,  these  sands  would  appear  to  be  of  recent 
ibnnation,  containing  as  they  do  numerous  recent  land  and  marine 
ihells,  and  as  is  often  the  case   in  places  overlying  recent  peat- 
bogs.   These  facts,  nevertheless,  may  not  prove  their  age,  and  un- 
doubtedly not  their  origin.     The  wind,  more  especially  in  exposed 
ntoations,  drifts  them,  on  account  of  their  loose  and  frail  nature, 
hither  and  thither,  by  which  means  they  may  submerge  peat-bogs, 
and  as  they  are  a  favourite  resort  for  all  kinds  of  land  snails,  every 
gwt  of  wind  must  bury  hundreds  of  the  latter.     Moreover,  if  they 
aiB  on  the  sea-board,  during  low  water  thousands  of  marine  shells 
will  be  blown  up  among  them,  as  may  be  seen  by  any  observer  who, 
braving  the  cutting  shower  of  sand,  traverses  them  during  a  gale  of 
wind. 

As  they  are  ever  changing  tbeir  position,  it  is  evident  that  they  have 
only  recently  assumed  the  forms  we  now  find ;  however,  their  origin 
may  not  be  so  very  recent,  and  that  they  are  as  old  as  the  Moraine  drift 
would  seem  to  be  suggested  by  the  position  in  which  they  are  found.'' 
They  seem  only  to  occur  at  or  in  the  vicinity  of  the  mouths  of  valleys, 
and  the  larger  and  more  extensive  the  valley  the  greater  the  ac- 
cumulation. Moreover,  in  all  these  vaUeys  there  appear  to  have 
been  at  one  time  systems  of  glacier.  Thus  on  the  west  coast  they 
occur  north  of  the  mouth  of  the  Eillaries,  the  fiord  that  divides  the 
Counties  of  Mayo  and  Galway ;  also  a  little  south  of  the  Eillaries  at 
the  mouth  of  the  valley  of  the  Culfin  river ;  on  Omey  Island  and 
the  mainland  thereabouts,  being  immediately  north  and  south  of  the 
mouth  of  the  fiord  called  Streamstown  Bay;  further  southward, 
north  and  south  of  the  mouth  of  Mannin  Bay.  There  are  large 
deposits  in  the  neighbourhood  of  Slyne  Head,  on  the  Aran  Islands, 

^  Agaans  and  others  have  noted  vast  thicknesses  of  Meteoric  Drift  id  parts  of  Brazil. 
*  Only  lo^ties  of  which  the  writer  has  personal  knowledge  are  mentioned  in  these 
notei. 
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and  a  little  south  of  Black  Head,  which  places  are  respectiTely  north, 
o{)po8ite  and  south  of  the  mouth  of  Gralway  Bay ;  south  of  the  mouth 
of  the  Shannon ;  also  towards  the  east  end  of  Dingle  Bay,  in  the 
neighl)ourhood  of  Castlemaine  Harbour,  at  the  mouth  of  the  Lazne 
Biver;  at  Yalentia  Harbour,  on  Beginish  and  the  mainland,  at 
the  mouth  of  the  valley  of  the  Cahersiveen  River ;  also  at  Ballin- 
skelligs  Bay,  north  of  the  mouth  of  the  valley  of  the  Biver  Lmy. 
The  foregoing  localities  are  on  the  sea-board,  but  deposits  will 
also  occur  inland,  as,  for  instance,  large  accumulations  of  *'  Babbit 
sand"  are  found  banked  against  the  south  slopes  of  the  Clare  hills, 
that  lie  north-west  of  the  town  of  Limerick,  being  north  of  the 
mouth  of  the  valley  of  the  Shannon ;  also  in  the  neighbourhood  of 
Killonan,  a  station  on  the  Limerick  and  Waterford  Bailway,  opposite 
Glencoloo,  the  valley  that  separates  Slieve  Eimalta  from  the  Silver- 
mines  hill ;  and  in  the  neighbourhood  of  Birdhill  and  Eilmastulla, 
opposite  the  valley  that  divides  the  Silvermines  hill  form  the  Am 
mountains. 

As  all  these  deposits  of  ^olian  Drift  occur  near  the  mouth  of  some 
valley,  is  it  not  possible,  if  not  probable,  that  their  original  formation 
had  some  connexion  with  the  cQfiferent  valleys  ?  That  glaciers  onoe 
flowed  respectively  down  each  of  these  valleys  would  seem  to  be 
suggested  by  the  ice  etching,  grooving  and  polishing,  which  have 
been  observed  in  nearly  all  of  them,^  and  as  rivers  flowing  from 
glaciers  are  described  by  various  observers  as  being  '<  turbid  and 
wliite,"  from  the  silt  in  suspension,  or,  to  quote  Principal  Dawson, 
'*  The  glaciers  are  mills  for  grinding  and  triturating  rocks.  .  .  . 
The  fine  material  which  has  been  produced,  the  flour  of  the  mill,  so 
to  speak,  becomes  diffused  in  the  water  which  is  constantly  flowing 
from  beneath  the  glacier,  and  for  this  reason  all  the  streams  flowing 
from  glaciers  are  turbid  with  whitish  sand  and  mud."  Prom  this 
might  not  a  solution  of  the  problem  be  found  for  the  formation  of 
all  tliese  large  Blowing  sand  deposits  ?  As  they  may  possibly  be  the 
**  flour  of  the  mill,"  or  in  plain  words  the  glacier-formed  silt,  at  or  in 
the  neighbourhood  of  the  mouths  of  the  valleys  down  which  glacial 
rivers  once  flowed. 

Against  this  suggestion  it  maybe  urgod,  that  the  silt  carried  down 
by  a  river  ought  to  have  been  carried  out  to  form  a  deep  sea  deposit 
This  may  be  true  to  a  certain  extent,  and  from  personal  ezperienoe  I 
cannot  say  what  occurs  at  the  moutJis  of  the  present  glacud  rivers ; 
a  nearly  similar  action  however  is  at  present  at  work  on  the  Allihies 
Biver  that  empties  itself  into  Bally donegan  Bay,  County  Cork,  and 
from  the  facts  there  to  be  studied,  it  would  appear  that  some  at  least 
of  the  sand  will  remain  at  or  near  the  mouths  of  such  rivers.  On 
the  Allihies  Biver  are  situated  the  stamps,  dressing  floors,  etc.,  of 
the  Bearhaven  Copi)er  Mines,  and  its  waters  night  and  day  are  white 
and  turbid  with  the  washings  from  the  floors  and  mills ;  where  goes 
on  artificially  a  similar  grinding  process  to  that  which  naturally  exists 

^  The  tracks  of  ancient  glaciers  are  quite  oonspicaous  in  the  TaUeys  in  Tar-con- 
naught,  and  those  of  Kerry  mentioned  ahovc.  Of  the  other  TaUeys  the  author 
cannot  speak  personally. 
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in  a  glacier.    Here  the  silt,  instead  of  being  carried  oat  to  sea,  has 

Vnen  heaped  on  the  beach,  changing  what  formerly  was  a  ooarse 

dangle  into  a  deep  fine  sand.     Moreover,  if  report  speaks   true, 

"mhea  the  Grafts  for  shipping  the  ore  first  frequented  the  bay,  it  had 

1  rocky  bottom  devoid  of  anchorage,  while  now  it  is  sandy ;  and 

tmeafter,  if  perchance  the  sea-bottom  were  elevated,  there  would  be 

s  deposit  of  blowing  sand,  liable  to  be  carried  hither  and  thither  by 

the  winds,  and  formed  into  sand-dunes  and  hillocks,  the  characteristic 

faifcares  of  these  sand  deposits. 

Off  the  east  coast  of  Ireland,  in  various  places,  are  large  sand 
buks.  Two  of  them  occur  near  the  mouth  of  the  Kiver  Lifiey,  and 
ire  called  the  north  and  south  Bulls,  and  others  will  be  found  off  the 
coast  between  Dublin  and  Wexford,  the  largest  being  the  Kish  and 
Aiklow  Banks.  The  valley  of  the  Lififey  must  have  received  the 
waters  from  all  the  glaciers  that  occupied  the  valleys  on  the  north 
and  north-west  slopes  of  the  Dublin  and  Wicklow  hills,  while  the 
wreial  sand-banks  off  the  coast  of  Wicklow  and  Wexford  ^  seem  to 
be  connected  with  the  different  valleys  on  the  east  and  south  of  those 
noontains.  Thus  the  Kish  Bank  is  partly  opposite  the  Liffey  valley 
and  partly  opposite  the  valley  of  the  Bray  Kiver;  while  the  banks  be- 
twe^  Bray  and  Wicklow  seem  each  to  be  connected  with  small  river 
^alleja,  the  largest  being  the  valley  of  the  Yartry,  that  empties  itself 
into  the  sea  at  the  town  of  Wicklow.  The  Arklow  Bank  is  opposite 
to  the  valley  of  the  Avoca  River,  which  extends  northward  from 
Aiklow  by  Bathdrum  into  the  heart  of  the  Wicklow  mountains ; 
while  the  banks  and  sand-hills  in  the  neighbourhood  of  Wexford 
Harbour,  are  in  the  vicinity  of  the  mouth  of  the  valley  of  the  Kiver 
Slaney. 

The  writer  of  these  notes,  when  he  had  completed  the  examination 

ci  the  country  north  of  the  mouth  of  the  Shannon,  believed  that  the 

laige  accumulation  of  ^olian  Drift,  banked  against  the  south  slopes 

of  the   hills  there  situated,  was  of  recent  origin,   being  at  the 

present  day  in  course  of  formation.     To  this  belief  lie  was  led  by 

those  hills,  for  the  most  part,  being  composed  of  a  friable  sandstone 

that  apparently  disintegrated  freely.     Therefore  ho  considered  that 

the  rain- wash  had  been,  and  still  was,  carrying  the  sand  from  the 

bill-tops  to  the  south  slopes,  quite  forgetting  that  the  sand  would  not 

itop  there,  but  be  carried  on  to  tlie  plain  below.    Since  then  additional 

experience  has  proved  to  him  that  his  reasonings  were  unstable,  more 

eapecially  when  on  the  slopes  of  similarly  circumstanced  hills,  such 

as  those  of  Slieve  Aughta,  at  the  junction  of  the  Coimtics  Clare  and 

Gal  way,  which  for  tlie  most  part  are  composed  of  exactly  similar  rocks, 

he  found  no  banks  of  these  peculiar  sands.'     Moreover,  he  observed 

that  similar  sands  seem  only  to  occur  at,  or  opposite  to,  or  in  the 

vicinity  of  the  mouths  of  valleys,  and  the  larger  and  more  extensive 

the  valley  the  greater  the  accumulation.     From  these  circumstances 

*  There  are  sand  deposits  on  the  sea-board,  but  as  the  writer  is  not  thoroughly 
icqoaintod  with  thorn,  they  are  not  mentioned  in  these  notes. 

'  I  do  not  mean  to  assert  that  none  of  the  sund  was  formed  recently  by  meteoric 
action,  but  1  now  belieye  the  mass  of  it  is  ghicier-formed. 
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he  was  led  to  believe  he  mast  look  to  other  oanBes  beridoB  the  present 
meteoric  abrasion.     Sinoe  accumulations  of  sand  oconr  at  or  in  the 
vicinity  of  all  the  valleys  of  Yar-connaught  that  open  towards  the 
wcHt;  and  as  in  each  of  them  there  is  palpable  evidence  that  glacien 
once  flowed  down  them  towards  the  west,  he  cannot  bnt  be  inclined 
to  believe  that  these  sands  originally  owed  their  origin  to  gladeif. 
That  similar  accumulations  do  not  always  exist  at  or  near  die 
mouths  of  the  valleys  in  that  country  which  open  eastward — seeoi 
duo  to  their  glaciers  being  feeders  of  the  glacier  of  the  Lough  Gonib 
valley,  which  itself  was  a  branch  of  the  glacier  that  flowed  down 
the  valley  now  occupied  by  the  waters  of  Ghdway  Bay ;  however,  Ck 
tlie  mouth  of  some  of  these  valleys  they  do  exist,  and  are  describel 
in  the  Memoirs  of  the  Geological  Survey  of  Ireland  (sheets  95  and 
105).     Furthermore,  his  belief  is  strengthened  when  he  considen 
that  all  the  accumulations  of  this  kind  of  sand  in  Ireland,  with  whidi 
he  is  intimately  acquainted,  both  at  or  near  the  sea-board,  and  inland, 
have  similar  relations  to  valleys  in  which,  if  he  has  not  observed  the 
traces  of  glaciers,  yet  it  is  not  only  possible  but  also  highly  probable, 
that  they  once  existed.     Since  the  glacial  period,  on  acoonnt  of  the 
loose  and  frail  nature  of  the  ^olian  sand,  they  have  been  a  prey  to 
tlie  caprice  of  the  wind  or  other  moving  forces,  and  have  been  dnfied 
hither   and    thither,   and  their  real  relations  to  the  more  reoenf 
deposits  obliterated.* 

ni. — On  the  Pre-Glaotal  Geogbaput  op  Northern  Citbshibb. 

By  C.  £.  DB  Bamce,  F.G.S.,  of  the  Geological  Survey  of  England  and  Wales. 

BETWEEN  the  mountains  of  North  Wales  and  the  sea,  oocai 
two  terraces,  an  upi)er  composed  of  Boulder-clay  sloping 
towards  the  8ea.  and  a  lower,  consisting  of  peat  and  alluvium,  bnl 
little  removed  ahove  higli-water  mark,  running  far  inland,  where 
broad  valleys  like  the  Vale  of  Clwyd  breach  the  coast,  and  when 
rocky  hoarllands  jut  into  the  sea,  as  the  Great  and  Little  Ormec 
Heads,  llie  two  tormcca  are  almost  entirely  denuded  away,  but  of  tec 
the  lower  one  lias  alone  suffered,  as  between  Penmaen  Bach  and 
Penmacn  IVIawr,  where  a  bay  in  the  rocks,  so  to  speak,  is  filled  up 
with  Upper  Boulder-clay.  It  is  quite  evident  that  before  denudation 
of  the  coast  took  ])lace,  the  peat  plain  had  a  far  greater  eztensioi 
tlian  at  present,  which  is  proved  by  the  fact  of  the  occurrence  of  pea;! 
and  a  submariiic  forest  at  Khyl,  in  borings  in  the  Dee,  and  aroonc 
the  whole  coasts  of  Cheshire.  L}}ncashire,  and  southern  Cumberland 
It  is  also  evident  that  considerable  denudation  of  Glacial  beds  hac 
taken  place  l>efore  the  period  of  the  old  forests,  and  that  the  sea- 
ward j)rolongntions  of  these  beds,  which  themselves  restod  on  an  olc" 
sea-bottom,  \\vu\  been  denuded  away,  and  that  a  great  plain,  or  seriei 
of  plains,  fonned  nmch  of  what  is  now  the  Irish  Sea,  before  thi 
forests  came  into  existence ;  the  lower  terrace  now  fringing  the  coasti 

^  These  supposed  glacier- formed  sands  must  not  bo  confounded  with  the  aecamu 
lations  of  nhrlt  nnnd  that  arc  found  in  mniiy  pliices  on  the  Iriflh  Bea-board,  and  ofte 
tain  from  70  to  90  per  cent  of  calcareous  mattors. 
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hog  the  landward  edge  of  this  plain.    It  is  nowhere  better  seen 
AtD  in  the  Birket  plain,  forming  the  northern  portion  of  the  Hun- 
ired  of  Wirral,  in  North  Cheshire.    It  is  bounded  to  the  south  by 
Ml  old  pre-Glaoial  diff,  whioh  abruptly  terminates  the  nortlierly  pro- 
loDgation  of  all  the  niunerous  longitudinal  valleys  running  with  the 
itifke  of  the  Triassic  rooks,  of  whioh  this  district  is  composed, 
atcfa  valley  having  a  steep  escarpment  facing  the  west,  as  described 
\n  Professor  Hull'  and  myself.'    To  the  east  the  continuity  of  this 
pliin  with  the  Mersey  and  with  that  surrounding  Lancashire  further 
to  the  north,  is  broken  by  a  comparatively  high  tract  of  Triassic 
nndstones,  rising  like  an  island  between  the  Mersey  and  the  plain ; 
to  the  north  this  tract  is  bounded  by  the  sea,  which  is  forming  dififs, 
and  to  the  south  its  continuity  is  broken  by  a  transverse  gorge  run- 
ning across  the.  strike  of  the  strata,  at  the  bottom  of  which  flows  to 
the  east  the  tributary  of  the  Mersey  called  Wallasey  Pool.     The 
wBitem  margin  of  the  tract  is  above  the  plain,  consisting  of  a 
natural  escarpment,  a  continuation  of  that  forming  the  eastern  slope 
of  a  valley  south  of  the  Pool.    On  the  side  of  the  Mersey  the  eastern 
face  of  the  tract  is  concealed  by  a  bed  of  Glacial  Drift,  nearly 
airenty  feet  in  thickness,  forming  a  cliff  of  about  that  height ;  these 
deposits  also  fill  up  the  bottom  of  Wallasey  Pool  gorge,  and  cover  to  a 
great  extent  the  undulating  plains  stretching  away  from  Liverpool 
towards  Ormskirk,  on  the  opposite  side  of  the  Mersey.    The  banks 
of  the  latter,  on  the  north  side,  are  sometimes  composed  of  about 
twenty  feet  of  rock,  capped  by  Boulder-day,  but  more  often  the 
htter  comes  down  to  high- water  mark,  and  occasionally  oven  far 
below,  proving  that  the  deepest  line  of  the  pre-Glacial  valley  did  not 
ineoiaely  correspond  in  position  to  the  present  channel  of  the  river. 
Hiis,  taken  in  conjunction  with  the   fact  that  the  bottom  of  the 
Wallasey  gorge,  as  well  as  the  rock  floor  of  the  Birket  plain,  is  ex- 
ciTated  far  below  high-water  mark,  the  space  being  filled  in  with 
Boolder-clay,  loaves  little  doubt  that  in  prc-Glocial  times  the  land 
itood  at  least  thirty  foot  higher  than  at  present.   The  breadth  of  the 
actnal  stream  of  the  Mersey  is  inconsiderable  compared  with  tho 
present  extent  of  its  estuary,  which  is  produced  by  the  bottom  of  the 
old  valley  being  submerged  beneath  the  tidal  level,  but  not  until 
the  Boulder  Drifts  had  been  re-excavated  out  by  post- Glacial  de- 
nudation, which,  in  the  case  of  the  Mersey,  was  chiefly  fluviatile, 
bat  in  the  Birket  plain  was  marine,  the  sea  wearing  back  tlie  Boulder- 
day  up  to  the  old  pre-Glacial  cost  and  west  cliff,  and  also  slightly 
diffing  the  base  of  the  natural  escarpment,  forming  tho  western 
margin  of  what  may  be  called  the  **  Wallasey  island."     This  Wal- 
lasey escarpment  exhibits  fine  sections  of  the  unconformable  junction 
of  the  Keuper  with  the  upper  mottled  sandstone,  and  was  once  con- 
tmuous  with  that  of  Flay  brick  Hill.     These  two  form  the  eastern 
ilope  of  an  old  longitudinal  vidley  before  the  formation  of  the  gorge, 
the  western  slope  of  which  has  boon  removed  by  that  denudation 
which  produced  tlie  Birket  plain,  and  also  destro^'ed  tho  seaward 
prolongations  of  all  tlie  existing  north  and  south  valleys  further  to 
^  Explanation  of  Hor.  Sec,  Sheet  68.         ^  Quor.  Juum.  Geol.  Soc.,  Feb.  1871. 
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the  westward  towards  the  Dee,  now  abmptly  cut  short  by  the  olifl 
formiiig  the  southern  margin  of  the  Birket  plain  and  Wallasey  Gknga 
Before  the  formation  of  the  former  plain,  and  before  the  north  m 
south  valleys  were  deepened  to  their  present  extent^  it  is  clear  that 
tho  Mersey  flowed  westward  over  a  plain,  the  level  of  which  ooin- 
cidcd  with,  or  was  but  little  above,  that  of  the  various  escarpmenti 
occurring  between  the  valleys.  For  when  it  first  commenced  to  flow 
they  wore  not  in  existence,  and  the  streams  which  afterwards  flowed 
in  tliom  could  only  deepen  them  in  regard  to  the  gradually  decreas- 
ing level  of  the  transverse  gorge,  which  regulated  the  height  of  ths 
outfall.  Therefore,  it  is  not  improbable  that  when  the  river 
flowed  o\'cr  this  old  plain,  that  it  extended  far  to  the  westward,  until 
it  abutted  against  the  mountains  of  Wales,  and  that  the  hard  and 
soft  beds  composing  it  were  alike  level — longitudinal  valleys  not 
being  yet  scooped  out  of  the  latter.  For  in  all  districts  where  thees 
phenomena  are  observable  the  slope  of  the  soft  beds  composing  a 
longitudiual  valley  is  towards  the  brook  or  stream,  which  runs  at 
right  angles  to  an  escarpment,  forming  the  landward  side  of  it,  and 
which,  in  cutting  tlirough  escarpments  lower  down,  forms  trans- 
verse gorges,  the  upper  termination  of  the  slope  corresponding  to 
the  level  of  the  base  of  the  escarpment  It  is  therefore  clear  that 
before  tho  latter  was  formed  these  longitudinal  slopes  could  have  hid 
no  existence,  and  that  their  angle  increased  exactly  in  proportioi] 
to  tlie  height  gained  by  the  escarpment,  or  in  other  words, to  the 
descent  of  the  level  of  the  base.  Therefore,  there  is  reason  to  beliefe, 
that  tho  various  valleys  south  of  the  old  high-level  course  of  the 
l^lersey  did  not  extend  indefinitely  northwards,  but  fell  into  that  rivoi 
at  points,  op|X)site  which  entered  similar  streams,  flowing  from  the 
nortli.  Tho  continuity  of  the  old  plain  westwards  was  broken  by  the 
liiver  Dee,  which  must  have  formed  a  broad  valley,  receiving  thi 
waters  of  the  Mersey  as  a  tributary,  at  a  point  opposite  Mostyn ; 
from  thence,  flowing  nortliwards,  far  out  into  what  is  now  the  Imk 
Sea,  and  receiving  the  waters  of  the  Glwyd.  As  the  Mersey  deepened 
its  course,  longitudinal  valleys  began  to  be  formed  by  the  waish  od 
rain  on  the  soft  sandstone,  and  after  a  time  the  hard  beds  began  tobi 
left  as  escarpments,  through  which  the  river  always  cut  a  channel 
before  the  soft  beds  behind  were  removed  by  lateral  wash,  which  coulc 
never  work  lower  than  the  level  of  the  outfall,  the  key  to  which  wai 
the  ti-ansverso  stream.  Subsidence  taking  place,  marine  denudatid 
went  on,  and  tho  sea  gradually  approached  the  district,  the  valleyi 
and  hills  to  the  west  were  shaved  across,  and  the  Birket  low-leve 
plain  came  into  existence,  at  a  level  but  slighly  below  that  to  whid 
the  longitudinal  valleys  had  worn  themselves ;  the  Mersey  flowed  a 
the  bottom  of  the  Wallasey  Pool  gorge,  and  fell  directly  into  the  sea 
In  historic  times  tho  Wallasey  Pool  was  a  main  outlet  of  tlu 
Mersey,  but  at  i)ix?sent  it  enters  the  sea  by  a  broad  valley  betweei 
Liverpool  and  Egreniont ;  but  it  would  appear  probable,  as  this  is  i 
hnigitudinal  valley,  with  a  fault  at  the  bottom,  lying  north  of  thi 
Wallasay  Gorge,  that  in  pre-Glacial  times  the  stream  that  occupied  i 
flowed  south  into  the  Mersey,  and  that  on  the  deepening  of  thi 
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TslleyB,  and  the  anbeidence  of  the  land,  its  seaward  margin  was 
tspOBed  to  marine  denudation  at  the  period  of  the  formation  of  the 
Birket  plain. 

It  therefore  appears  probable  that  in  prc-Glocial  times  a  plain  of 
mnine  denudation  composed  of  hard  and  soft  beds  of  New  Red 
Budstone  existed  from  the  borders  of  Wales  to  south-western  Lan- 
nshire,^  unbroken  by  valleys,  over  which  flowed  the  Dee  to  the 
oorth,  receiving  as  a  tributary  from  the  east  the  Mersey,  which 
gndually  cut  for  itself  a  transverse  gorge  across  the  strike  of  the 
neks ;  at  the  same  time,  longitudinal  valleys  to  the  north  and  to  the 
Krath,  gradually  came  into  existence.     Those  to  the  north  were 
ifterwards  entirely  destroyed  by  Marine  denudation,  which  fonued 
a  lower  plain.    The  subsidence  continuing  and  the  climate  }x)coniing 
dadal,  the  district  was  submerged  beneath  the  waters  of  the  Glacial 
on,  and  the  Gorge,  or  transverse  valley,  as  well  as  the  longitudinal 
nlle3r8,  were  filled  up  with  Glacial  deposits.     Afterwards,  on  the 
n-devation  of  the  country,  these  were   excavated  out,  partly  by 
nnming  water,  and  partly  perhaps  by  small  glaciers  which,  as  I  have 
ittempted  to  show  elsewhere,  undoubtedly  held  their  ground,  at  the 
doie  of  the  Glacial  epoch,  in  the  valleys  of  the  Lake-district.     The 
tttire  valley  of  the  Mersey,  including  its  termination  through  the 
Wallasey  G<>rge,  would  be  equally  filled  up  with  Drift ;  over  this 
niiaoe  of  Drift  the  river  must  have  flowed,  widening  and  deepening 
iti  channel    as  it  ran,    here  making  great  cliffs   of  overhanging 
Boalder-clay,  and  there  cutting  througli  the  Drift,  down  to  the  bare 
rock,  and  in  some  instances  cutting  its  bed  wider  and  deeper  in  the 
lock  than  it  was  before  the  Glacial  submergence. 

In  the  cli£&  on  the  south  side  of  the  Mersey,  near  Eastham,  the 
Iwe  of  the  Glacial  Drift,  resting  on  the  rock,  is  more  than  twenty 
feet  above  the  present  base  of  the  cliff,  which  is  slightly  below  high- 
water  mark.  The  river  is  now  wearing  this  cliff  back  and  back 
into  the  gradual  slope  of  the  old  pre-Glacial  valley,  which  appears 
to  have  had  its  deepest  hollow  near  the  opposite  bank  on  the  Lan- 
Otthire  side  of  the  river ;  near  the  Otter's  Pool  the  base  of  the  Drift 
n  rather  below  high-water  mark,  the  rock  only  forming  the  strand 
between  tide-marks.  The  rock-surface  is  also  below  high-water 
mark  on  the  west  coast  of  the  peninsula,  where  the  banks  of  the 
Dee  are  formed  of  Boulder-clay,  more  or  less  from  Hoy  lake  to  Park- 
gate  and  Neston.  Near  Hoylake  a  submarine  ri<lge  of  rocks  occur, 
Banter  pebble-beds  thrown  up  by  a  fault,  culminating  in  Hilbre 
Island.  Between  the  ridge  and  tlie  Cheshire  c^^ust  tlioro  is  a  channel, 
and  from  the  ridge  to  the  opposite  coast  of  Wales  the  rock  surface 
descends  to  a  great  depth,  and  the  Glacial  beds  are  much  denuded, 
and  are  covered  up  by  an  immense  thickness  of  alluvial  silt  resting 
on  peat,  the  silt  reaching,  I  believe,  a  thickness  of  GO  or  70  feet. 
It  has  been  penetrated  in  boring  for  coal,  which  has  been  found  to 
lie  under  the  western  side  of  the  estuary  of  the  Deo. 
The  bed  of  the  Mersey  from  Runcorn  Gap  to  the  sea  is  excavated 

*  And  of  course  much  further,  but  iu  the  above  notes  the  country  around  the 
Bonth  of  the  Hcnej  ii  alone  ooniidexed. 
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partly  by  tidal  aotiony  in  fha  bottom  of  ona'  of  tba  old  north 
aoath  longitadinal  valley  i,  montaoned  at  ooourring  ao  inqpeuOji 
Cboshire ;  on  the  emeigenoa  of  the  ooontry  it  waa  ra-exoavaml 
the  Mersey,  whioh  oat  for  itedf  a  fiwh  channel  in  the IhSI^^ 
addition  to  exoavatixig  out  the  Wallaioy  Gotge»  and  onfttiqg  ill  "^ 
sent  coane  between  Egromont  and  LiTerpooI»  whibh  ia  daily  ba 
ing  wider  and  wider,  under  the  hoiiaonlal  dennding  power  of 
waters. 


On  thb  N^Tunn  of  tsm  IUnni*B  Jjamxam} 
By  DATn>  Fobbh.  TJBLB^  ete. 

IN  a  previous  disoonrae  on  Yoloanoa,   Gbolooioak   HAOwaif^ 
1870,  Vol.  YIL,  p.  814^  attention  waa  direoted  to  the  phenoBMni 
of  Yoloanio  aotion,  specially  oonsideted  in  lelatbn  to  -the  part  wU^] 
such  igneous  or  internal  foroea  have  plaved  in  determining  the  gOM  : 
features  of  the  external  configuration  of  the  sphere  ufKin  whidi  we  Bfa, 

If,  now,  we  follow  up  this  subjeot  still  rarther.  it  will  natonllifj " 
lead  to  an  inquiry  into  the  nature  of  the  Ihtemal  aabstuioe  of  Ai 
globe  itself,  within  whioh  the  fod  df  such  agenoiea  must  be  nitnainil; 
but  quite  independent  of  this,  there  oan  be  little  doubt  but  iU 
most  intelligent  persons  have  at  aome  time  or  other  already  mM 
themselves  Uie  question  as  to  what  the  oential  maaa  of  die  eiiili' 
beneath  them  consisted  of. 

The  answer  whioh  in  the  first  instance  would  be  moat  likely  to 
suggest  itself  to  the  mind  would  be,  that  it  consisted  of  aolid  stonj 
matter,  such  as  is  seen  forming  the  body  of  its  mountaina,  the  tonste 
dation  of  its  continents,  and  the  rook  basins  whioh  contain  ita  sen* 
The  belief  in  such  an  hypothesis  would,  however,  be  rudely  ahakiBa 
by  the  first  personal  experience  of  the  shock  of  an  earthquakOy  the 
sight  of  a  volcano  in  eruption,  or  the  consideration  of  tba  itntnyifs 
fieiults  which,  in  many  places  have  disturbed  and  dialooated  the  aolid 
land ;  whilst,  so  far  from  disposing  us  to  regard  the  ground  undsK 
•  us  as  entitled  to  the  appellation  of  terra  firma  commonly  employed 
by  the  ancients,  the  study  of  such  phenomena  could  not  but  anggeii 
grave  doubts  in  our  minds  as  to  whether  the  earth,,  after  all,  oooU 
be  anything  like  so  solid  and  stable  as  at  first  sight  we  mij^  httW 
felt  inclined  to  suppose  it. 

But  very  little  inquiry  into  this  subjeot  is  necessary,  however,  to 
convince  any  one  of  the  great  difficulties  in  the  way  of  obtaining  i 
satisfactory  answer  to  this  question,  and  to  prove  ths^  in  the  proacni 
state  of  science  we  have  not  at  our  command,  auffloient  wm  oi 
evidence  to  enable  us  to  arrive  at  any  thoroughly  conclusive  iolntiiMi 
of  this  most  interesting  problem. 

As  the  rapid  advances  meide  by  the  natural  soienoea  in  all 
directions  are,  however,  daily  adding  to  our  information  beadog 
upon  this  subject,  and  thereby  enablmg  previous  deduotiona  to  be 

^  A  lecture  deUvered  in  St.  Gtoige'f  BaU«  Jianuj  M|  tS7i«- 
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modified  or  correoted,  so  as  to  lead  to  the  formation  of  a  more  and 
nore  trustworthy  opinion  on  the  nature  of  those  parts  of  our  globe 
whidi,  from  their  position,  must  always  remain  inaccessible  to  our 
poweTB  of  direot  observation,  it  is  imagined  that  a  concise  sketch  of 
file  present  actual  state  of  our  knowledge  concerning  the  probable 
QODstitution  of  the  interior  of  the  earth  may  prove  interesting  and 
lutructive. 

In  treating  this  subject,  we  must  first  take  into  consideration 
what  has  already  been  done  in  the  way  of  direct  examination  of  the 
earth's  substance  in  depth;  yet,  when  it  is  remembered  that  the 
Bean  diameter  of  our  planet  is  some  7912  miles,  whilst  the  greatest 
depth  hitherto  attained  by  man's  direct  exploration  has  not  even  yet 
niched  one  mile  from  the   surface  downwards,  the  disproportion 

rars  so  enormous  as  to  render  it  self-evident  in  the  pursuit  of 
inquiry,  especially  as  regards  the  more  central  portions  of  the 
evth,  that  we  must  in  the  main  rely  upon  the  less  direct  evideuce 
flimished  by  calling  in  the  assistance  of  the  natural  sciences. 

The  direct  examination  of  the  exterior  of  the  e^rth,  even  when  re- 
ibicted  to  this  depth,  has,  nevertheless,  furnished  us  with  many  im- 

Ct  data  which  can  serve  as  a  starting-point  for  this  to  a  great 
I  speculative  inquiry,  and  to  some  of  these  attention  will  now 
be  directed. 

It  must  in  the  first  place  be  remembered  that  all  the  rocks  which 
VB  encounter,  and  which  compose  so  much  of  the  solid  exterior  of 
OUT  globe  as  is  actually  known  to  us,  may  be  arranged  under  two 
principal  heads,  viz.  the  volcanic  or  endogenous,  i.e.,  those  formed 
within  the  body  of  the  earth  itself,  and  the  sedimentary  or  exogenous, 
U.J  those  rocks  formed,  or  rather  reconstructed,  upon  its  surface  out 
of  the  debris  of  previously  existing  rocks,  arranged  in  beds  or  strata 
by  the  mechanical  action  of  water. 

It  was  until  lately  taken  for  granted  by  geologists,  that  the 
bwest  sedimentary  strata,  in  their  uonnal,  or  in  a  more  or  loss 
iltered  conditicm,  rested  directly  upon  granite,  which  was  for  a  very 
long  time  regarded  as  the  rock  foundation  upon  which  they,  in  the 
first  instance,  were  deposited ;  this  rock  being  then  looked  upon  as 
the  oldest  of  all,  and  even  as  representing  the  primeval  or  original 
larface  covering  of  the  earth.  Later  researches  have,  however, 
proved  this  hypothesis  to  be  untenable,  which  is  self-evident,  since 
DO  instance  of  a  granite  has  yet  been  met  with  in  nature  which,  if 
followed  up,  does  not  at  some  point  or  other  break  through  or 
disturb  and  alter,  more  or  less,  the  stratified  rocks  in  immediate 
contact  with  it,  so  tliat  it  naturally  follows  that  such  stratified  rocks 
most  have  pre-existed  on  the  spot,  or  in  other  words,  that  they  must 
be  older  in  geological  chronology  than  the  granite  which  came  to 
disturb  tliem. 

In  the  present  state  of  geological  science,  it  is  utterly  impossililo 
for  us  to  point  out  any  variety  of  rock  whatever  as  the  one  which 
may  have  served  as  a  foundation  upon  which  the  oldest  sedi- 
mentary beds  were  originally  deposited ;  in  point  of  fact,  the  oldest 
rocks  which  wo  know  at  present  ore  sedimentary  rocks,  mostly  in  an 
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altered  condition,  belonging  to  die  Lanrantiui  Mries  of  OkdmAl,  m 
as  yet  geologists  ha^e  not  been  abb  to  diaoorer  what  theae  aad|i 
mentary  beds  may  in  their  torn  leat  npon,  i^  irfiai  ia  aotna^jf 
beneath  them. 

Since  we  therefore  httve  not  aa  yet  been  able  to  vaaoh  down  ti^ 
examine  directly  mj  rocska  lower  in  the  geological  aeriea  than  tbm 
pertaining  to.  the  fjaorentian  formation,  we  will  now  torn  to  te 
VolcanoB,  in  order  to  examine  the  mineral  prodnota  which  Hi^htte 
up  for  our  consideration,,  from  depths  Tastly  lower  (lian  thoae  wUal 
we  can  ever  hope  to  reach  direofly.  What  Yoloanoa  teach  ns  wife 
regard  to  the  natore  of  the  Earth'a  intexior  at  the  depth  from  wfefaK 
they  derive  their  supply  of  molten  mineral  matter,  maj  be  aommariai 
as  follows : — That  at  this  dq>th,  the  earth'a  snbetiaioe  ezistB  in  l^ 
state  of  molten  liquidity,  forming  aa  it  were  a  sea  of  melted  rock  or 
Ilava,  analogous  in  character  to  the  emptive  rocska  which  hive  k 
former  ages  broken  through  the  earth's  cruat;  secondly,  that  A| 
mineral  products  ejected  by  votcanoa  axe  veiy  aimilar  in  ohemM 
and  mineral  constitution,  no  matter  firom  what  part  of  the  f^db^ 
they  may  emanate ;  and  laatly,  that  from  the  same  voloanio  orifla^ 
and  during  the  same  empijon,  lavas  of  two  totally  diflbrant  dassai 
may  be  emitted,  viz.  the  lis^t  add  or  traohytio  lava,  analogoiia  iB 
the  granites,  felsites,  eta,  of  the  oldest  periods,  and  the  heavy  hapiB 
pyroxenic  lava,  all  but  identical  with  the  dark  basaltic  or  irappaai 
rocks  commonly  met  with,  aa  dykes,  eta,  interseoting  and  diatmbiqi 
most  of  the  different  sedimentary  formations. 

Besides  these,  another  deduction  frt>m  the  study  of  voloamc 
phenomena,  indicating  that  at  a  certain  depth  bebw  the  matace  tb 
volcanic  vents  must  be  in  connexion  with  a  continuous  sea  d( 
molten  lava,  is  based  upon  the  influence  whudi  the  moon  appears  ti 
have  on  volcanic  eruptions,  an  opinion  which  seems  to  have  beei 
confirmed  by  the  observations  by  Professor  Falmieri  made  durin( 
the  last  outburst  of  Vesuvius,  on  which  occasion  he  reported  tha 
distinct  tidal  phenomena  could  be  recognized,  thereby  indicatiB] 
that  the  moon's  attraction  occasioned  tides  in  the  internal  zone  o 
molten  lava  similar  to  those  it  causes  in  the  ocean.  A  finrtlM 
corroboration  of  this  view  is  seen  in  the  results  of  an  examination  o 
the  records  of  some  7000  earthquake  shocks  which  occurred  in  thi 
first  half  of  the  present  century,  compiled  by  Perry,  and  which,  aa 
cording  to  him,  demonstrate  that  earthquakes  are  more  frequent-  if 
the  conjunction  and  opposition  of  the  moon  than  at  other  times 
more  so  when  the  moon  is  near  the  earth  than  when  it  is  distant,  an 
also  more  frequent  in  the  hour  of  its  passage  through  the  meridian* 

Hetiirning  now  to  the  more  direct  examination  of  the  snperfieii 
parts  of  the  earth,  we  find  that  the  results  of  mining  operatioB 
have  also  thrown  considerable  light,  not  only  on  the  mineral  natm 
of  the  rocks  encountered  in  depth,  but  also  upon  some  of  tlwi 
physical  conditions.  A  numerous  set  of  experiments  made  in  deq 
mines  in  various  parts  of  the  world,  far  distant  frt)m  one  anothai 
have  most  conclusively  proved  that  tiie  temperature  of  the  ^arth,  a 
least  as  deep  down  from  the  surfoce  as  has  yet  been  ezplorad  Iq 
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nan,  increaiea  in  direct  ratio  as  we  descend  towards  its  centre. 
Other  obeerrationB  on  the  temperature  of  the  water  from  deep-seated 
and  hot  springs,  and  from  Artesian  wells,  fully  confirm  the  ex- 
periments made  in  mines,  and  show  that  the  temperature  of  the 
water  furnished  by  them  also  becomes  more  elevated  in  proportion 
to  the  depth  of  the  source  from  which  it  is  derived. 

At  might  naturally  be  expected,  the  interference  of  local  circum- 
itencea  renders  it  a  matter  of  considerable  difficulty  to  determine  the 
trae  mean  rate  of  such  increase  in  temperature  of  the  earth's  sub- 
Ituioe  downwards ;  still,  in  the  main,  observers  all  agree  in  placing 
it  at  somewhere  between  1^^  and  2^°  Farenheit  for  every  hundred 
Iset  in  depth  downwards,  so  that  we  shall  not  be  far  wrong  if  for 
osr  present  object  we  estimate  it  at  2°  Farenheit  for  every  hundred 
ftet,  a  rate  which  will  be  equivalent  to  121^  for  each  geographical 
Bile  nearer  the  earth's  centre.  Since  no  facts  are  at  the  present 
tfane  ¥nown  which  can  in  any  way  invalidate  the  supposition  that 
diis  or  a  somewhat  similar  rate  of  increase  in  temperature  holds 
pood  at  still  greater  depths,  it  appears  to  be  perfectly  correct  and 
jQitifiable  reasoning  to  assume  that  such  is  actually  the  case;  whence 
it  follows  by  a  very  simple  calculation  that,  at  a  depth  of  about 
twenty-five  geographical  miles  from  the  surface  downwards,  a 
temperature  of  about  3000^  Farenheit  should  be  attained,  which 
voud  represent  a  heat  at  which  iron  melts,  or  one  which  is  suf- 
icient  to  keep  lava  in  a  state  of  perfect  fusion  at  the  surface  of  the 
Mrth.  As  it  must  be  remembcTOd,  however,  that  at  this  depth  the 
nbstanoe  of  the  earth  would  be  exposed  to  the  pressure  of  the 
loperincumbent  mass,  and  as  it  has  been  demonstrated  by  expori- 
aeat  that  many  substances  become  more  refractory,  t.6.,  require  a 
greater  heat  to  melt  them  or  keep  them  in  the  molten  state  when 
exposed  to  pressure,  the  above  calculation  will  have  to  be  modified 
ooasiderably  in  order  to  meet  this  condition  of  things.  Unfortu- 
nately, we  have  not  as  yet  sufficient  data  at  command  to  enable  us  to 
•etde  the  true  ratio  in  which  the  melting  points  of  rocks  would  become 
elevated  by  increased  pressure ;  yet  we  may  safely  take  it  for  granted, 
after  allowing  far  more  than  the  maximum  rate  of  increase  found  in 
the  experiments  of  Bunsen  and  Hopkins,  that  we  should  not  require 
a  distance  as  deep  again  in  order  to  reach  an  internal  tempemture 
folly  sufficient  to  keep  such  substances  in  a  state  of  fusion,  or  in  other 
WQids,  to  necessitate  the  inference  that  the  solid  rock  crust  of  our 
earth  cannot,  at  the  utmost,  be  more  tlian  fifty  miles  in  thickness. 

If  now  we  reason  from  the  above  data  as  our  premises,  it  will 
bUow  as  a  natural  consequence,  that  our  globe  must  in  reality  be  a 
qihere  of  molten  matter  surrounded  by  an  external  shell  or  crust  of 
loHd  matter  of  very  insignificant  thickness  when  compared  to  the 
diameter  of  the  entire  globe  itself,  and  that  in  point  of  fact  this 
deduction  represents  exactly  such  a  state  of  things  as  would  be 
brought  about  in  the  event  of  a  sphere  of  molten  matter  becoming 
oonsolidated  on  its  exterior  by  the  cooling  action  of  the  surrounding 
atmosphere ;  and  the  figure  of  the  earth  itself,  which  is  an  ellipsoid 
of  revolution,  i.e.,  a  sphere  somewhat  flattened  at  the  poles,  but 
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bul^ng  out  at  the  equator,  being  that  which  a  plastio  mass  Tevolviii^ 
round  its  own  axis  would  assume,  is  generally  regarded  by  natuia 
pliilosophors  as  all  but  conclusiTe  evidence  that  the  earth,  at  tn 
early  period  of  its  history,  must  have  been  in  a  fluid  condition. 

Altliough  the  doctrine  that  the  earth  is  a  molten  sphere  sur- 
roniuled  by  a  thin  crust  of  solid  matter,  was  all  but  universally 
taught  by  geologists,  there  have  of  late  years  been  brought  forward 
sevenil  arguments  to  the  contrary,  which  are  apparently  more  in 
favour  of  its  being  a  solid,  or  nearly  solid  mass  throughout,  and  these 
arguments  are  fullv  entitled  to  our  mature  consideration.  As  our 
object  is  not  to  defend  any  particular  theory,  but  to  arrive  as  neanj 
as  we  can  at  the  truth,  we  shall  in  the  first  place  proceed  to  scmti- 
iiize  all  which  has  been  brought  forward  in  opposition  to  the  olcter 
hyi)0thesi8  of  the  earth's  internal  fluidity,  and  then  to  oonsider 
whether  any  other  explanation  as  yet  advanced  may  be  more  in  ao- 
conLmcc  with  the  facts  of  the  case. 

First  of  all  we  have  to  answer  the  question  as  to  whether  it  is 
possible  for  such  a  thin  crust  to  remain  solid,  and  not  to  become  at 
once  melted  up  and  absorbed  into  the  much  greater  mass  of  the 
molten  matter  beneath  it.  This  would  doubtless  be  the  case  if  the 
central  fluid  mass  had  any  means  in  itself  of  keeping  up  its  bigl) 
tenipeifiture  independently  of  the  amount  of  heat  which  it  actiiallj 
])(  sscssed  wlK?n  it  urigiuftlly  assumed  the  form  of  an  igneous  globe 
11  lis  cinestion,  however,  in  reality,  answers  itself  in  the  negative, 
since  it  is  self-evident  that  no  crust  could  even  commence  to  form 
u])on  the  surface,  unless  the  sphere  itself  was  at  the  moment  actually 
giving  off  more  of  its  heat  from  its  outer  surface  to  the  surroundinj 
titniospliere  than  it  could  supply  from  its  more  central  parts  in  ordc 
to  l<('ti>  the  whole  in  a  perfectly  fluid  condition,  so  that  once  suchi 
crust,  however  thin,  had  formed  uj>on  the  surface,  it  is  self-eviden 
that  it  could  not  again  become  molted  up  or  re-absorbed  into  th 
fluid  mass  below. 

The  i»rocess  of  solidification  due  to  external  refrigeration  wool 
then  continue  going  on.  from  the  outside,  inwards,  until  a  thickness  ( 
crust  had  been  attained  sufficient  to  arrest  or  neutralize  (owing  toi 
bad  conduct ibility  of  heat)  both  the  cooling  action  of  the  surrouD( 
ing  air  and  the  loss  of  more  heat  from  the  molten  mass  witliin,  ai 
thus  a  stage  would  soon  be  anived  at,  where  both  these  actioi 
would  so  counterbalance  one  another,  that  the  further  cooling  do^w 
of  the  earth  would  be  all  but  arrested,  a  condition  apparently  rulii 
at  the  j)resent  time,  since  the  surface  of  the  earth  at  this  moment,  i 
far  from  receiving  any  or  more  than  a  minute  amount  of  heat  fro 
the  int(^rior.  appears  to  depend  entirely,  as  regards  its  tempcratui 
upon  the  heat  which  it  I'eceives  from  the  sun's  rays. 

AVe  have  next  to  consider  the  argument,  that  if  the  earth's  exteri' 
was  in  reality  only  such  a  thin  covering  or  crust  like  the  shell  off 
egg,  to  which  it  has  often  been  compared,  that  such  a  thickness  won! 
bo  altogether  insufficient  to  give  to  it  that  stability  which  we  kno 
it  to  possess,  and  that  it  consequently  could  never  sustain  the  eno 
mous  weight  of   its  mountain  ranges,  such  as,  for  example,  tl 
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imalayaa  of  Asia,  or  the  Andes  of  America,  which  are,  as  it  were, 
Mses  of  hea^y  matter  piled  up  high  above  its  mean  surface-level. 
t  first  sight  this  style  of  reasoning  not  only  appears  plausible,  but 
r«i  seems  threatening  to  upset  the  entire  hypothesis  altogether ;  it 
quires,  however,  but  little  serious  consideration  to  prove  it  to  be 
tore,  so  to  say,  sensational  than  actually  founded  upon  the  facts  of 
e  case ;  since  it  is  only  requisite  for  us  to  be  able  to  form  in  our 
lind  some  tangible  idea  as  to  the  relative  proportions  which  the  size 
f  even  the  highest  mountain  bears  to  that  of  the  entire  globe,  to 
DQvince  us  thoroughly,  that  if  such  a  crust  could  once  form  and  sup- 
ort  itself,  that  it  could  with  ease  support  the  weight  of  the  mountains 
ho.  This  will  be  at  once  seen  by  a  glance  at  the  diagram  before 
on,  which  represents,  upon  a  scale  of  200  miles  to  the  inch,  an 
naginary  section  through  the  centre  of  the  earth,  whose  mean  dia- 
leter  is  taken  at  7912  miles.  The  thickness  of  the  earth's  crust, 
apposing  it  to  be,  as  before  estimated,  about  50  miles,  is  on  this  scale 
enoted  by  the  black  outer  line  or  zone,  only  a  ^  of  an  inch  in  width, 
ilulst  on  the  top  of  this  again  are  placed  (coloured  bright  red)  some 
ittle  markings,  scarcely  amounting  to  more  than  a  slight  roughness 
Q  the  outline  of  the  circle,  and  which  is  quite  impossible  for  any  one 

0  see,  except  upon  very  close  inspection,  since  they  at  the  highest 
■rt  do  not  project  more  than  -^1,.  of  an  inch  above  the  circle  itself ; 
hese  markings,  however,  do  upon  this  scale  represent  the  actual 
omparative  size  of  the  great  Himalaya  chain  of  mountains,  which 
iie  to  a  maximum  altitude  of  31,800  feet,  or  six  miles  above  the 
Man  level  of  the  sea.  From  this  it  will  l>e  readily  ])orceived  that 
f  the  earth  could  be  seen  reduced  in  scale  down  to  about  the  size  of 
n orange,  that  to  all  practical  intents  and  purposes  it  would  resemble 
)  the  eye  an  almost  smooth  ball,  since  even  the  highest  mountains 
nd  deepest  valleys  upon  its  surface  would  not  present  to  the  eye 
reater  incqiialities  in  outline  than  the  little  pimples  and  hollows  on 
le  outside  of  the  skin  of  an  ordinary  orange.    A  mere  glance  at  such 

diagram  will  therefore,  I  think,  fully  convince  us  that  if  this  thin 
rust  can  support  itself,  it  is  not  at  all  likely  to  be  crushed  in  by  the 
)mparatively  speaking  insignificant  weight  of  even  our  very  highest 
lountain  chains  ;  in  fact  it  would  be  quite  as  unreasonable  to  maintain 
ich  a  supposition  as  to  declare  that  the  shell  of  a  lien's  eg^  would 
5  crushed  in  by  simply  laying  a  peice  of  a  similar  eggshell  upon  its 
itside. 

That  a  very  thin  spheroidal  crust  or  shell,  inclosing  a  body  of 
]uid  matter,  such  as  an  ordinary  fowl's  Qg^,  does  possess  in  itself 

1  enormous  degree  of  stability,  and  power  to  sustain  pressure  from 
ithout,  is  easily  demonstrated  experimentally,  by  merely  loading  a 
nail  jwrtion  of  its  surface  with  weights,  as  long  as  it  does  not  give 
ay  under  them.  Evon  when  placed  upon  its  side  (or  least  strong 
teition),  it  was  found  that  a  portion  of  the  shell  of  a  fowl's  QQg, 
dy  one  quarter  of  an  inch  s(iuare,  could  sustain  several  pounds' 
eight,  without  showing  any  symptoms  of  either  cracking  or  cnish- 
g,  or,  in  other  words,  this  sinijde  experiment  indicates  that  if  the 
Ltemal  crust  of  the  earth  was  only  but  as  thick  and  strong  in  pro- 


168  Notices  ofMemoirB — D.  Forbes,  RB.S., 

portion  as  an  eggshell,  that  it  would  be  fully  oapaUe  of  anstainiM 
luasses  of  rock  equal  in  size  and  weight  to  many  Himalayas,  piU 
up  one  atop  of  another,  without  any  danger  whatever  to  its  stabilitr. 

For  the  sake  of  comparison,  another  diagram  was  prepared,  whia 
shows  the  actual  proportions  of  the  cross  section  of  a  fowl's  egg^  «b- 
birgcd  to  the  same  size  as  the  ideal  section  of  the  earth's  mass  pn- 
viously  alluded  to;  now  as  in  this  instance  the  crust  of  the  earth  wm 
assumed  to  be  some  oO  miles  thick,  which  is  in  the  ratio  of  -^-^  part 
of  its  entire  diameter,  it  naturally  follows  that  the  crust  would  con- 
paratively  be  considerably  stronger  in  proportion  than  the  shell  of  tk 
ef!;g  in  question,  since  this  was  found  only  to  possess  a  thickneas  of 
-P^  pfirt  of  its  mean  diameter  (two  inches),  or  in  other  words,  if  tin . 
earth's  crust  were  proportionately  as  thick  as  the  eggshell,  it  wonU 
be  only  40  miles  in  thickness,  which  is  one-fifth  less  than  previooslj 
assumed. 

llio  next  argument  which  has  been  advanced  against  the  jpro- 
bability  of  the  major  part  of  the  iearth's  substance  being  in  a  noid 
condition,  is  one  based  altogether  upon  astronomical  considerations,  li 
having  been  demonstrated  that  when  two  clocks  are  set  agoing,  ths 
pendulums  of  which  are  similar  to  one  another  in  all  respects,  ezcepi 
that  whilst  the  bob  of  the  one  is  solid,  that  of  the  other  is  hollow 
and  filled  with  mercury,  that  the  latter  will  swing  somewhat  faster, 
and  consequently  this  chx^k  gain  time  upon  the  former. 

llie  late  Mr.  Hopkins,  of  Cambridge,  applied  tJiis  observation  tc 
the  consideration  of  the  movements  of  the  earth  in  space,  and  by  t 
very  elaborate  course  of  mathematical  reasoning  and  calculation,  de> 
monstrated  that  the  cartli,  if  not  quite  solid,  must  be  nearly  so,  since 
according  to  his  results,  if  the  earth  was  merely  a  comparatively  thiz 
slicll,  filled  with  liquid  matter,  the  ratio  of  c^ertain  of  its  movement 
(precession  and  nutation)  would  differ  considerably  from  what  the] 
are  actually  known  to  be,  and  these  conclusions  appeared  to  be  con 
firmed  by  the  subsequent  calculations  of  Sir  William  Thomson  am 
Archdeacon  Pratt. 

Altliough  grave  doubts  suggested  tliemselves  as  to  the  corrcctnea 
of  the  values  used  in  these  calculations  for  two  of  their  most  im 
portant  elements,  viz.  tlie  condensing  action  of  pressure,  and  the  ex 
panding  action  of  the  very  liigh  temperatures  within  the  globe  itaell 
neither  of  which  have  as  yet  been  determined  with  any  certainty  ;— 
and  although  it  might  also  be  surmised  that  the  conditions  of  a  pen 
dulum  bob  of  ix)lished  glass  filled  with  heavy  slippery  mercur 
swinging  at  the  end  of  a  rod  must  be  very  different  from  those  of  i 
nearly  si)herical  globe  filled  with  viscid  sticky  lava  revolving  on  it 
own  axis;—  still  geologists  felt  themselves  quite  unable  to  answer  th 
arguments  of  the  astronomers  and  mathematicians,  and  since  none  o 
them  ap()eared  to  be  sufficiently  versed  in  either  astronomy  o 
mathematics  as  to  be  able  to  submit  either  the  mode  of  reasoning  o 
the  calculations  themselves  to  any  strict  scrutiny,  they  felt  them 
selves,  reluctantly  no  doubt,  compelled  to  bow  to  the  decision  of  sub 
eminent  authorities. 

So  stood  the  matter  nntil  the  summer  of  1868,  when,  fintonatel, 
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be  the  adTanoe  of  (ihia  inquiry,  H.  Delannay,  now  Director  of  the 
Ohnrratoiy  of  FfuiB,  an  authority  equally  eminent  as  a  mathema- 
tinan  and  astronomer,  was  induoed  to  undertake  the  reoonBidcration 
of  this  problem ;  a  labour  which  has  not  only  resulted  in  his  having 
sHogether  reversed  the  above  decision  by  demonstrating  the  com- 
plete fallacy  of  the  premises  upon  which  so  much  elaborate  reasoning 
Aid  been  based,  but  which  proved  conclusively  by  experiment  that 
a  q)he(re  filled  with  liquid  matter  would,  under  circumstances  such  as 
iie  present  in  the  case  of  the  earth,  behave  in  precisely  the  same 
Banner  as  an  entirely  solid  one,  and  consequentiy  that  the  fact  of 
the  earth  being  either  solid  or  liquid  in  its  interior  could  neither 
hare  any  influence  whatsoever  upon  the  rates  of  procession  and 
notation,  nor  be  of  any  use  as  a  means  of  deciding  as  to  the  real  or 
ipproximate  thickness  of  the  earth's  crust 

It  may  be  remarked,  however,  that  the  conclusions  arrived  at  by 
Hr.  Hopkins,  even  when  supported  by  Sir  William  Thomson  and 
Aidideacon  Pratt,  were  not  universally  acquiesced  in;  the  cele- 
Inted  German  physicist  Helmholtz  for  example,  amongst  others, 
mi  not  satisfied  as  to  their  correctness ;  and  in  direct  opposition  to 
As  deduction  of  Sir  William  Thomson  that  the  earth's  crust  must  be 
me  1000  miles  in  thickness,  we  have  the  conclusions  of  Mr. 
Henessy,  whose  calculations  show  that  it  cannot  be  more  than  600 
■dies  or  less  than  18  miles  in  thickness.  We  may  conclude,  therefore, 
tkat  all  the  objections  as  yet  advanced  from  an  astronomical  point 
of  view  against  the  theory  of  the  fluid  condition  of  the  interior  of 
ovr  planet  have  been  invalidated  or  explained  away. 

The  only  other  argument  in  favour  of  internal  solidity  is  one 
wluch  bases  itself  upon  the  law  announced,  from  purely  theoretical 
fiODsiderations,  by  Professor  Thomson  in  1849,  that  the  fusing 
points  of  bodies  become  more  elevated  when  subjected  to  pressure, 
or  in  other  words,  that  under  the  influence  of  pressure,  bodies  will 
nquire  more  heat  to  melt  them  or  keep  them  in  the  molten  state. 

Starting  from  this,  Bunsen  argued  that  the  earth  could  not  be  other 
than  solid  to  the  core,  since,  according  to  him,  the  enormous  pressure 
locomulated  at  its  centre  would  render  its  internal  substance  so 
infiisible  that  it  could  not  possibly  remain  in  a  molten  state.  To  a 
oertain  extent  this  law  was  corroborated  by  the  experimental  re* 
•earches  of  Bunsen  and  Hopkins  made  upon  some  of  the  very  easily 
fbsible  substances,  such  as  wax,  spermaceti,  psunafine,  and  sulphur ; 
bat  later  experiments  did  not  appear  to  confirm  it  in  the  case  of 
metallic  substances,  nor  did  it  appear  to  hold  true  in  other  than  the 
more  compressible  bodies. 

In  the  case  of  the  earth,  therefore,  the  conclusions  of  Bunsen  can- 
not be  warranted  or  accepted,  since  we  have  to  deal  with  materials 
to  which  this  law  has  not  as  yet  been  even  proved  to  apply ;  still, 
Msuming,  as  seems  most  probable,  that  the  materials  composing  the 
earth's  mass  do  become  to  a  certain  extent  more  and  more  infusible, 
looording  as  they  approach  nearer  to  its  centre,  it  must  on  the  other 
hand  be  remembered  that  this  effect  would  be  at  the  same  time  more 
or  less  neutralized  by  the  expansion  which  these  substances  would 
undergo  from  the  action  of  tho  earth's  internal  heat,  since  mc^iiti^^- 
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Tertible  evidenoe  baa  been  prodnoed  to  piwe  that  the 
of  the  earth  increasea  in  direot  proportion  to  the  depCli;  ao 
seems  most  probable  that  the  oombined  efEwto  of  enaaaioa 
heat  would  more'than  oonnteraot  anj  tendenogr  to  aolimfioatioii 
to  the  infiuenoe  of  preesuze. 

Havmg  now  taken  into  oonsideration  the  Tarioaa  olgeolioiia 
have  at  varions  times  been  mged  M;ain8t  the  theory  of  the  i 
internal  finidity,  as  well  as  devoted  some  oonndentum  to  Aa 
posing  view  of  its  solidity,  it  will  be  noticed,  if  we  paas  in 
the  more  distinctiye  featoies  of  tiie  two  hypotheses^  that  the 
theory  is  a  legitimate  deduotion  finom  the  data  aflbrded  by  the 
study  of  the  earth  itself^  whereas  tiie  latter,  on  the  contniy,  h 
of  making  the  explanation  of  the  earth's  phenomena  its  startUDi^] 
devotes  itself  all  bat  exclusively  to  the  task  of  proving  that  it  i 
not  be  fluid.  Thus,  how  is  it  possible,  if  the  earth's  mass  be 
throughout,  to  aooount  for  the  great  upheavals  and  sinkings  down'i 
large  portions  of  the  rock  formationa  whioh  compose  its  eztenA 
sui^ace;  do  not  these  phenomena  lead  to  the  direct  inftrsDCsflii' 
the  external  crust  cannot  by  any  poasibOity  rest  in  depth  npoa  aif 
unyielding  mass  of  matter  in  a  solid  condition,  but  that  it  mMt 
necessarily  be  superposed  upon  some  more  or  less  fluid  safasfcHM^ 
which  by  its  mobility  can,  when  some  one  portion  of  the  emit 
above  it  sinks  down,  become  duiplaced,  and  so  make  room  for  it  If 
elevating  or  as  it  were  floating  up  some  other  part  of  the  same? 

In  like  manner  the  hypothesis  that  the  earth  is  essentially  boHI 
necessitated  that  the  phenoipena  of  Yolcancs  should  be  explainal 
upon  the  supposition  that  they  had  their  sources  in  numerous  smsD 
isolated  basins  of  molten  lava  scattered  over  the  surfBMse  of  the  doba 
a  view  which  is  totally  inconsistent  with  the  results  of  chemioal  mi 
minoralogical  investigation,  whioh  proves  that  the  ejected  prodiMh 
are  identical  in  constitution,  even  if  taken  from  volcanic  vents  fk 
most  distant  from  one  another ;  nor  does  such  a  theory  attempts 
any  way  to  explain  the  tidal  phenomena  of  volcanic  outbursts  aik 
earthquakes  previously  referred  to. 

So  far,  therefore,  as  we  have  gone  into  this  subject,  we  may  r^gtti 
the  balance  of  evidence  as  indicating  that  at  a  depth  of  about  fiftj 
miles,  or  less,  from  the  surface,  thero  exists  a  continuous  zone  o 
molten  rook  or  lava,  such  as  is  brought  up  to  the  surface  in  volcani 
eruptions.  Let  us  now  consider  how  deep  this  zone  or  stratum  o 
molten  matter  is  likely  to  extend,  and  also  what  fonns  the  moB 
central  mass  of  the  eartii  below  it. 

In  order  to  answer  these  questions,  we  must  look  for  informatifli 
to  other  than  direct  evidence,  and  first  of  all  may  inquire  as  ti 
whether  the  consideration  of  the  mean  density,  t.e.,  expressed  ■ 
other  words,  the  actual  weight  of  the  entiro  earth  itself,  can  thros 
any  light  upon  these  abstruse  points.  The  consideration  of  the  at 
traction  which  bodies  exert  upon  one  another  in  the  ratio  of  thai 
respective  magnitudes  has  enabled  the  physicist  to  efieot  the  a 
first  thought  apparentiy  impracticable  task  of  weighing  the  entup 
earth  itself;  it  is,  however,  out  of  our  province  en  the  preasmt  oa 
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w'tman  to  describe  the  mode  of  doing  so,  and  thereforo  we  must 
m  flontent  onnelves  with  accepting  as  facts  the  results  of  such  in- 
W  feitigations,  which  prove  that  Uie  total  weight  of  our  planet  is 
f  a{ipTOxiniatelj  five  and  a  half  times  the  weight  of  a  similar  globe  of 
pore  water. 

Knowing  thus  that  the  mean  density  (or  specific  gravity,  as  it  is 

ilio  called)  of  the  earth  is  5},  and  also  from  direct  experiment  that 

Hae  mean  density  of  the  entire  solid  matter  or  rocks  fonning  its 

external  cmst,  cannot  be  higher  than  about  2^,  or  less  than  half  that 

of  the  entire  sphere,  it  naturally  follows  that  the  central  parts  must 

be  infinitely  more  heavy  than  the  surface,  in  order  to  account  for  so 

high  a  mean  figure  as  5^ ;  indeed,  it  has  been  calculated  that  if  we 

■appose  the  earth  is  composed  of  three  concentric  portions,  of  equal 

tiudcness,  and  respectively  increasing  in  density  towards  the  centre 

'   in  arithmetical  progression,  that  we  should  have  an  outer  (;rust  of 

ipecific  gravity  of  2^,  like  our  ordinary  rocks ;  an  intermediate  zone 

df  specific  gravity  12,  or  as  heavy  as  quicksilver,  aud  a  central 

micleas  of  about  twenty  times  the  density  of  water,  or  as  heavy  as 

gold. 

This  admitted  increase  in  density  has  sometimes  been  erroneously 
npresented  as  entirely  due  to  the  effects  of  the  enonnous  pressure  of 
die  superincumbent  mass,  a  supix)sition  which  is,  however,  quite 
untenable,  since  the  tendency  of  all  the  numerous  experiments  made 
in  this  direction  has  been  to  prove  that  no  substances  exist  which 
cui  be  compressed  or  condensed  to  an  indefinite  extent,  since  what 
may  be  termed  their  approximative  maximum  density  is  soon  ob- 
tiined,  beyond  wliich  point  the  effects  of  pressure  become  so  much 
nnaller  in  proportion  to  the  extra  force  applied,  that  at  last  tlio 
[  farther  condensation  effected  b}'  still  greater  pressure  becomes  all  but 
inappreciable.  Besides  this,  it  must  not  be  forgotten  that  the  crust 
of  Uio  earth  is  a  species  of  dome,  like  the  shell  of  an  egg,  which  om 
support  itself  without  resting  or  floating  upon  its  fluid  contents,  and 
fiirther  that  the  earth*s  high  internal  heat,  by  causing  the  materials 
which  compose  it  to  expand,  must  also  counteract  the  effects  of  the 
superincumbent  pressure;  so  that  when  all  tliese  facts  are  taken 
into  due  consideration,  it  appears  evident  that  the  materials  wliich 
actually  form  the  mass  of  the  interior  must  bo  infinitely  denser  than 
any  of  the  rock  matter  met  with  at  the  surface,  and  that  they  must 
al»)  be  of  a  metallic  nature,  since  no  other  bodies  aro  known  which 
could  at  all  fulfil  those  conditions  of  high  density. 

If,  now,  we  imagine  that  the  earth's  interior  be  composed  of  a 
series  of  concentric  zones  or  layers,  made  up  of  substances  wliich 
are  of  more  and  more  dense  nature  in  projiortion  as  they  are  situated 
nearer  the  centre,  and  also  take  for  granted  that  the  external  ono 
is  rock  of  a  density  of  2J,  a  calculation  will  show  that  the  centre 
or  nucleus  will  then  be  about  specific  gravity  10,  or  about  as  heavy 
as  silver.  Supposing  now  that  the  zone  of  molten  lava,  which  wo 
have  already  been  led  to  conclude  as  existing  at  a  depth  of  somo 
60  miles  from  the  surface,  has  a  density  of  3,  or  say  even  4,  in  order 
to  make  the  fullest  allowance  for  the  condensing  effects  of  super- 
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incumbent  pi^essure,  we  should  then  find  by  calculation  that  this 
zone  could  not  extend  deeper  than  400  milea,  since  below  this  depth 
the  matter  would  be  so  heavy  that  its  density  can  only  be  explained 
upon  the  supposition  that  it  consists  of  metallic  compounds,  and  as 
the  density  of  the  lower  zones  would  still  go  on  increasing  up  to  the 
centre  of  the  earth,  the  natural  inference  would  be  that  the  whole  of 
the  great  central  mass  of  our  planet,  situated  at  a  distance  of  some 
450  miles,  or  loss,  below  the  surface,  is  in  reality  fonned  of  metals 
and  their  compounds. 

Whether  this  great  central  metallic  nucleus  is  solid  or  fluid  may 
next  be  inquired  into.  According  to  Bunsen's  theory  previously 
alluded  to,  it  ought  to  be  solid,  for,  owing  to  the  enormous  pressure 
to  which  it  would  be  exposed,  the  solidification  of  the  molten  sphere 
should  first  commence  at  the  centre.  This  view  would,  no  doubt, 
be  quite  correct  if  the  earth  were  known  to  be  composed  of  highly 
compressible  non-metallic  materials ;  but  since  this  is  not  the  case, 
and  since,  as  before  alluded  to,  the  experimental  data  already  ob- 
tained indicate  that  neither  the  metallic  nor  the  less  compressible 
substances  become  more  refractory  in  proportion  to  the  increase  of 
pressure,  we  are  at  present,  at  least,  more  justified  in  assuming  that 
this  central  nucleus  must  also  be  in  a  fluid  condition,  and  the  more 
so,  not  only  because  it  is  known  that,  as  a  rule,  metallic  compounds 
are  much  more  fusible  than  rock  silicates,  but  also  as  the  well-known 
high  temperature  of  the  earth's  interior  would  also,  by  its  expanding 
action,  tend  to  coimteract  the  effects  of  the  pressure. 

In  summing  up  the  results  of  this  inquiry,  the  balance  of  evidence 
appears  to  me  to  be  decidedly  in  favour  of  the  hjrpothesis  that  the 
interior  of  our  earth  is  a  mass  of  molten  matter  arranged  in  con- 
centric zones  according  to  their  respective  densities,  and  the  whole 
inclosed  within  a  comparatively  thin  external  crust  or  shell,  and 
that  our  globe  consists  of  (1st)  an  external  solid  crust  not  exceeding 
fifty  miles  in  thickness — the  upper  tliird  or  more  of  which  consieti 
chiefly  of  stratified  sedimentary  rocks  which  rest  upon  some,  to  ui 
at  present  unknown,  species  of  igneous  rock,  which  at  one  period 
had  formed  the  lower  part  of  the  primeval  crust;  (2ndly)  below 
this  again  a  zone  or  sheet  of  molten  rock  extending  all  round  the 
sphere,  and  reaching  to  a  depth  not  exceeding  400  miles  below  the 
solid  crust;  and  (3rdly)  a  dense  metallic  nucleus,  the  outer  pari 
of  which  consists  of  the  compounds  of  the  metals  with  sulphur, 
arsenic,  etc.,  whilst  in  the  very  centre  we  should  expect  metals  in 
an  uncombined  condition,  or  alloyed  with  one  another,  to  pre- 
dominate. 

Having  now  completed  the  task  of  giving  a  concise  exposition  of 
the  present  state  of  our  knowledge  respecting  the  nature  of  the 
interior  of  our  planet,  a  few  words  may  be  added  in  conclusion 
by  way  of  apology  for  introducing  a  scientific  subject  of  so  ex- 
tremely speculative  a  nature.  Although  the  first  thing  in  sdenoe 
is  to  collect  as  many  facts,  i.e.  truths ,  as  possible,  it  is  nevertheless 
absolutely  necessary,  in  order  to  utilize  tiiese  truths  and  not  allow 
them  to  degenerate  into  a  mere  chaos  of  disconnected  faotSy  to  from 
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time  to  time  attempt  their  arrangement  nnder  some  system  or  theory. 
If  we  could  insure  our  possessing  every  single  fact  of  the  case, 
inch  a  theory  or  system  could  not  be  odier  than  the  true  one ;  for 
knowing  all  the  facts,  we  should  be  able  to  correct  it  and  test  its 
toouraoy.  So  long,  however,  as  we  have  not  arrived  at  such  a 
desirable  consummation,  it  must  nevertheless  be  admitted  that 
Mience  may  be  benefitted  by  occasionally  attempting — as  in  the 
present  instance — to  bring  all  the  facts  already  obtained  under 
Mme  systematic  hypothesis,  even  if  this  be  regarded  as  but  a 
temporaiy  arrangement  and  subsequently  found  to  require  much 
modification  in  order  to  accommodate  itself  to  the  advances  of  our 
knowledge  of  the  subject. 


ErEVIElTT'S- 


I— Sun  Piotubeb  ov  Bookt  Mountain  Soenssy;  with  a  Descrip- 
tion of  the  Greographical  and  Geological  Features,  and  some 
sooount  of  the  resources  of  the  Great  West ;  containing  Thirty 
Photpgraphio  Views  along  the  Line  of  the  Pacific  Bailroad,  from 
Omaha  to  Sacramento.  By  F.  V.  Hatden,  M.D.,  U.S.  Geologist^ 
Professor  of  Mineralogy  and  G^logy  in  the  University  of 
Pennsylvania.  Quarto,  pp.  158,  with  SO  full-page  Photographs. 
(London :  Triibner  &  Co.,  8  and  60,  Paternoster  Bow.) 

rB  construction  of  the  Pacific  Bailroad  led  to  the  production  of 
a  series  of  fine  photographic  views  by  Mr.  A.  J.  Bussell,  of 
Hew  York,  who  spent  more  than  two  years  along  the  line  of  road  in 
the  employ  of  the  Union  Pacific  Bailroad  Company.  From  these 
photographs  thirty  have  been  chosen,  mainly  with  a  view  to  the 
iflustration  of  some  special  feature  of  physical  geography  and  geology, 
to  which  Dr.  F.  Y.  Hayden  has  contributed  158  pages  of  excellent 
descriptive  text. 

The  district  chosen  for  illustration  in  these  sun  pictures  commences 
with  the  first  range  of  mountains  west  of  Cheyenne,  and  continuea 
ttwDce  to  Salt  Lake  City,  thus  serving  as  an  illustrated  guide  to 
those  who  may  desire  to  study  those  grand  geological  features  which 
the  Pacific  Bulroad  opens  to  enterprising  tourists. 

Prior  to  the  travels  of  Lewis  and  Clark  in  1803  and  1804,  it  was 
nqpposed  that  the  Becky  Mountains  formed  a  single  ridge,  extend- 
ing from  north  to  south ;  or  at  least  of  one  main  range,  with  a  few 
minor  ranges.  We  now  know  that  this  name  includes  an  almost 
fanitlese  series  of  ranges  of  every  variety  of  form.  From  the  eastern 
dope  westwards,  we  pass  over  range  after  range  for  a  thousand  milea 
or  more,  until  we  descend  the  western  slope  of  the  Coast  Bange  to 
tte  Pacific  Ocean. 

Dr.  Hayden  shows  us  how  the  features  of  the  country  have  been 
as  it  were  developed.  He  points  out  that  in  proceeding  westward 
from  the  Missouri  or  Mississippi  rivers  there  is  a  gradual  ascent. 
At  fii!8t  not  more  than  one  foot  per  mile,  but  steadily  increasing 
we  reaoii  tbe  base  of  the  mountains,  where  the  ascent  is  fifty 
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to  100  feet  per  milo.  Qeneral  G.  H.  Dodge,  Engineer  of  the  Umon 
Faciiic  liaih-oad,  has  construct^  a  profile  of  the  line,  which  vdl 
illiistniteK  this  point,  llius:  From  Omaha  to  (Tolumbus,  ninety-one 
miles  to  the  west,  we  rise  488  feet,  or  more  than  five  feet  per  nule 
At  Clie3'C]nie,  420  miles  from  Columbus,  we  are  4,617  feet  higher, 
liaviiig  ascended  a  gradient  of  more  than  ten  feet.  In  the  suoceeding 
thirty-tliree  miles  further  west  we  have  an  ascending  gradient  A 
seventy  feet  to  the  mile. 

The  entire  country  west  of  the  Mississippi  may  be  divided  into 
mountain  and  pniirie.  Tlicre  are  no  large  forests  and  very  littk 
timber,  save  that  which  skirts  the  small  streams.  Cotton  wood,  i 
few  low  oaks,  with  here  and  there  an  elm  or  ash,  and  belts  of  firs  in 
the  lii<;lier  re<^{ons.  alone  relieve  the  monotony  bf  undulating  ridges 
and  hills  risin«^  as  far  as  the  eye  can  see,  like  the  waves  of  the  sea  after 
a  storm.  This  combination  of  mountain  and  prairie  may  be  saidtio 
c<^ni prise  what  is  generally  known  as  the  Rocky  Mountain  region. 

In  this  charming  series  of  pictures  we  have  all  the  highest  meriti 
of  photograph}',  and  wo  also  see  how  much  more  could  be  made  o( 
some  of  these  wondrous  scenes,  by  the  addition  of  a  little  colour 
"Will  the  Sun  ever  be  persuaded  to  paint  his  own  pictures  we  wonder 
perhaps  he  may  some  day,  who  knows  ? 

Taking  the  photographs  as  they  come,  we  find  they  divide  them 
selves  readily  into — firstly :  twelve  superb  geological  studies,  un 
equalle«l,  so  far  as  we  are  aware,  for  their  grandeur.  They  are,  plat 
ii.,  **  Granite  KtX'ks,  Buford  Station,  Laramie  Mountains."  Her 
the  <^anito  is  seen  to  l)e  partod  by  a  series  of  vertical  and  transvers 
joints,  which,  aided  by  weathering,  has  converted  the  mass  into 
'series  of  pj^mtic  tors,  like  those  oif  Dartmoor  and  Cornwall.  Plat 
iii.,  ''  Skull  Koek  (Granite)  Shennan  Station,  Laramie  Mountains, 
is  like  a  caini  of  rounded  granitic  blocks,  each  one  as  big  as  a  cottage 
8iipj;estin<i:  the  idea  of  some  old  giant's  sepulchre.  Plate  v.,  "  Th 
Dial  Itix^ks,  Ke<l  l^uttvs,  Laramie  Plains,"  shows  the  effects  o 
atninsplieric  weathering  on  rock  masses  composed  of  beds  of  unequfi 
har(ln<ss,  producing  rock-columns,  such  as  may  bo  seen  on  the  beacl 
at  Toi.Lcnnioutli ;  in  this  case,  however,  the  agents  employed  hav 
been  the*  slow  eating  away  of  rain,  frost,  and  wind.  Plato  ix.  take 
us  in  ineuiory  to  the  Sinaitic  Peninsula,  ^^^th  its  long  flat-toj^ped  hills 
its  waterless  valleys,  bordered  by  eroded  vertical  cliffs  with  a  vafi 
talus  of  disinti.*grate<l  rocks  beneath,  desolate  and  drear  in  the  ex 
treme.  "  Citadel  liock  "  and  "  Castle  Rock,"  "  Green  River  Valley,' 
are  magniiiernt  outliers  of  rock,  with  perfectly  horizontal  bedding. 

The  •' Conglomerate  Peaks  of  Echo,"  the  *' Sentinel  Rock  Ech 
Canon,"  and  the  *•  Hanging  Rocks,  Echo  City,"  deserve  more  than 
passing  glance.  Here  we  see  beds  of  variegjited  sandstones  ani 
conglomerates,  like  our  own  Devonian  IVbble  and  Boidder-bedc 
cemented  togetlu^r  so  compactly  that  frefjuently  the  softer  imder 
lying  be<ls  are  weathered  bm-k,  leaving  the  conghmierate  to  fom 
a  vast  overhanging  rock,  as  at  Echo  City. 

Two  striking  pliotographs  on  the  Weber  River  exhibit  views  o 
some  remarkably  weathered-out  vertical  beds  of  slaty  limestones  am 
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■ttila,  the  former  of  which,  at  one  point  called  the  Devil's  Slide, 
beoome  masfiiye  heds,  and,  having  resisted  weathering  more  per- 
■rtentlj  than  their  neighbours,  they  now  stand  out  on  the  hill-side 
like  the  huge  ramparts  of  some  old  Cyclopean  fortress. 

Secondly:    Artistic  studies  of   mountain  scenery.     Under  this 
bead  we  would  place  "Moore's  Lake  (pi.  i.).  Head  of  Bear  Biver, 
Uintah  Mountains,"  a  beautiful  and  wild  little  lake- scene,  with 
borders  of  dark  pines.     PI.  vL,    "Laramie  Valley — from  Sheep- 
bead  Mountains,"  which,  with  its  fertile  tract  bordering  the  stream, 
ind  its  distant  and  desolate  hills,  might  pass  well  for  a  view  on  the 
Jordan.     PL  viL^  "  Snow  and  Timber  Line,  Medicine  Bow  Moun- 
tams,"  ia  a  fine  piece  of  pine-forest  with  bare  mountains  beyond, 
Tery  wild  and  lonesome  to  linger  in.    PL  xiv.,  "  Lake  at  the  Head 
of  Bear 'River,  Uintah  Mountains,"  is  another  wild  and  weird  spot, 
unrelieved  by  a  trace  of  humanity.    Perhaps  if  we  should  choose 
the  most  exquisite  photograph — that  which  a  lover  of  mountain 
eoeneiy  and  an  artist  might  agree  to  admire  for  its  beauty  of  com- 
poBition    and   perfect  harmoniousness  of  arrangement   is  pi.  xxv., 
"The  Wasatch  Range  of  Rocky  Mountains — from  Brigham  Young's 
Woollen  Mnis,  Salt  Lake  Valley."    Turning  over  these  plates  many 
times,  we  come  back  always  to  this  exquisite  piece  of  composition, 
which  certainly  deserves  the  first  place  of  merit  in  the  whole  work. 
We  should  like  to  make  copious  extracts  from  Dr.  Hayden's  ad- 
mirable descriptions,  and  to  speak  of  the  engineering  photographs 
uid  the  sensation  ones,  such  as  the  "  thousand  mile  tree,"  etc.,  but 
^ace  does  not  permit.     We  therefore  heartily  commend  the  book 
to  the  English  public.     Its  novelty  is  not  confined  to  its  excellent 
QluBtrations  of  a  country  upon  which  but  very  few  human  eyes  have 
yet  looked ;  the  text  is  nearly  all  published  now  for  the  first  time, 
ind  written  in  a  most  pleasing  and  instructive  manner.     No  library, 
liming  at  securing  the  best  books  of  the  year,  should  be  witliout  it ; 
ind  those  who  cannot  individually  afford  to  indulge  in  so  grand  a 
work  for  themselves,  should  recommend  it  for  the  public  libraries  to 
which  they  subscribe.    We  ccmnot  but  look  upon  Dr.  Hayden's  work 
tt  a  great  success. 

H— PAL«ONTOOKAPniCAL  SociETT.    VoL.  XXTV.^    Issucd  for  1870. 

January,  1871. 

r[S  volume,  which  well   sustain^  the  high  character  of  the 
publications  of  this  Society,  contains : — 

L  The  Flora  of  the  Carboniferous  Strata.     Part  II.     By  E.  W. 
Binney,  F.R.S.,  F.G.S.     pp.  33-62.     Six  plates. 

2.  The  Cretaceous  Ecliinodermata.     Vol.  I.,  Part  IV.     By  Thomas 

Wright,  M.D.,  F.R.S.E.,  F.G.S.     pp.  137-160.    Ten  plates. 

3.  The  British  Fossil  Brachiopoda.    Part  VII.,  No.  IV.    By  Thomas 

Davidson,  F.R.S.,  F.G.S.,  etc.    pp.  249-397.    Thirteen  plates. 
1  The  Eocene  Mollusca.     Part  IV.,  No.  3  (Bivalves).     By  S.  V. 
Wood,  F.G.S.     pp.  137-182.     Five  plates. 

^  We  noticed  toI.  xxiiL  (issued  for  1869]  in  the  Geo.  Mao.,  1870,  Vol  YII.,pp.  97-100. 
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&  The  Fonil  M«ninaTi>  rfOe  Mttwoio  lionmtioni.    %  Pk 
Owen,  F JLGU  D.aL.,  eto.    pp.116.    Kmrphta. 

1.  In  Part  L  of  the  Tkm  of  die  Uulxniifenna 
figured  and  described  varioos  itema  belonging  to  Hie  genot  OhhM- 
flKaidfon  «  Gofaninlea.^  '' Beline  prooeeding  to  deeoribe  tta  rtraotai 
of  more  stemB,  it  has  been  oonndered  deenabl^''  ms^  Mr.  BbiMfk 
^to  bring  before  the  pnUio  lome  gpecimens  ahowiag  Qtgoif  a( 
Fmotifioation/'  In  the  pteeent  P«t^  Mr.  Knnej  %ira  mk 
deeoribes  fraits  of  Lepidoigndnm  AtrtxmrH^  £.  wmmam;  LmUh 
strobuB  Bu99dlianH$f  £.  Mbkts,  L,  imwiB,  lu  hriimmM^  L,  BM0rmmm^ 
L.  anbiguw,  L,  Wwmckimimf  £.  liUm^  and  Bommamim  €liwin— Ir; 
this  last-named  form  is  evidently  the  tame  genns  aa  Hie  CManJl» 
fruit  from  the  spathio  iron-oie  near  Hattigen  on  iheBnlir,  deMriM 
by  Bndolph  Lndwig,  and  figured  by  us  in  the  OaoiiOcnoAK  MiOiafU 
1865,  Vol.  H,  pp.  646  (compare  also  the  figm  on  ]^  12  wifli  Ai 
woodout  given  in  Gbologioal  M^oimra,  1869,  YoL  vL,  pp.  fitrt^ 

In  his  concluding  remarks  Mr.  Binn^  says,  ^lUa  MQnflgn|l 
no  doubt  the  reader  will  have  perceived  was  intended  to  be  ec  s 
descriptive  character,  rather  than  an  attempt  to  txaoe  the  analog 
of  those  plants,  the  remaina  of  whioh  have  formed  onr  valnsHi 
beds  of  coal,  with  living  Tegetabtea.  My  endeaToura  have  beea  to 
collect  materials  and  give  th«Q&  to  the  puUio  fox  botaniati  ta  wed 
upon  "  (p.  60). 

Notwitlistanding  this  ingenuous  statement,  we  cannot  but  regie 
that  such  a  beautiful  series  of  platee,  as  Mr.  Binnev  has  oontribiifead 
should  bo  unaccompanied  by  oarefolly  prepared  Dotanioal  deaoi^ 
tions,  based  upon  an  acquaintance  vrith  living  Tegetable  atruoUmi 
feeling  well  assured  that  if  palaBOEoic  animal  remains  are  oapahla  € 
successful  comparison  with  living  forms,  certainly  vegetable  atcofl 
tures  may  be  so  treated  and  with  equal  auooeas. 

2.  Dr.  Wright  contributes  descriptions  of  the  remaining  fostm 
of  Cyphosoma,  and  then  proceeds  with  the  fiunily  SalmUdoi  and  th 
genus  Peltastes.  The  ten  plates  by  Mr.  0.  B.  Bone,  which  iUustnt 
Dr.  Wright's  Monograph,  are  fine  specimens  of  this  artist's  work. 

3.  We  heartily  congratulate  Mr.  Dayidson  upon  the  oompletia 
of  his  labour  of  more  than  twenty  years  in  ulustrating  and  di 
scribing  the  species  of  British  Fosul  Brachiopoda  for  the  PalsBca 
tographical  Society.  It  is  rarely  that  a  scientific  man  is  master  c 
his  own  time,  even  should  he  be  possessed  of  the  other  importaa 
requisites,  of  ability  and  perseverance,  to  carry  on  to  its  smooeasA) 
conclusion  a  labour  so  extensive.  We  cannot  suppress  a  feelinj 
almost  akin  to  envy  when  we  opntemplate  these  three  grand  -voIobdm 
of  Brachiopoda  now  completed,  as  we  ask  ourselves  the  qpiestioi 
"Shall  we  have  as  goodly  a  book  to  show  after  twen^  years?'* 

^  See  our  remarlu  on  CahmotUndroi^  CkUmUti,  elo.  (Berlew  Mod.  Fid.  Boi 
vd.  zzL),  GsoL.  Mao.,  186S,  YoL  Y.,  p.  426. 
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In  the  Conoluaion  to  hia  Silurian  Monograph  we  find  the  following 
jMssage,  which  is  well  worthy  to  be  recorded  as  evidencing  the 
spirit  in  which  this  work  has  been  carried  on  : — 

"I  should  desire  my  readers,"  says  Mr.  Davidson,  <<  to  look  upon  this, 
ai  well  as  upon  the  whole  series  of  my  Monographs,  as  a  bold  out- 
fioe  sketch,  and  not  as  a  finished  picture,  and  as  still  demanding 
anch  labour  and  research,  from  many  experienced  hands,  before  it 
am  be  r^arded  by  the  scientific  public  as  in  any  way  approaching 
ioomplete  work"  (p.  345). 

We  can  only  hope  that  other  authors  maybe  able  to  write  <' Finis" 
to  their  Monographs  with  as  dear  a  conscience  on  the  score  of  com- 
pleteness as  our  friend  Mr.  Davidson  I 

It  is  pleasant  to  know  that  we  are  not  to  lose  his  company  in  the 
fiitore  volumes  of  this  Society,  for  he  promises  us,  if  his  health  per- 
mits, to  add  supplements  to  the  Cretaceous  and  Jurassic  Brachiopoda, 
far  which  a  considerable  quantity  of  materials  has  accumulated. 

We  should  be  very  unmind^l  of  our  great  obligations  to  the 
Honorary  Secretary,  the  Eev.  Thomas  Wiltshire,  M.A.,  F.G.S.,  did 
we  omit  to  call  attention  to  the  fact  that  there  is  an  admirable  index 
to  the  Three  Volumes  of  Brachiopoda,  occupying  forty-three  pages, 
most  carefully  prepared  by  him,  and  'giving,  not  only  the  page  to 
Mdi  species,  but  a  cross  reference  to  every  synonym  referred  to  in 
the  text  of  the  entire  work. 

4.  Mr.  Searles  V.  Wood  adds  a  third  part  to  the  Eocene  Bivalves. 
BeooUecting  that  the  PalsBontographical  Society  took  its  rise  in  the 
"London  Clay  Club,"  and  that  Mr.  Searles  Wood  was  one  of  its 
niembers,  we  cannot  but  rejoice  to  see  so  venerable  an  officer  of  the 
Society  still  actively  contributing  to  its  publications.  The  present 
I^art  contains  figures  and  descriptions  of  the  following  genera, 
lUttnely,  Veriicordia,  Cardita,  Astarte,  Woodia,  Crassatella,  and 
Ckama. 

6.  Professor  Owen  concludes  this  volume  with  a  Monograph  on 
tlie  Fossil  Mammals  of  the  Mosozoic  Eocks.  the  materials  for  which 
he  has  long  been  accmulating  and  the  interest  in  which  has  by  no 
itteans  al^ated. 

The  first  pages  of  this  work  are  devoted  to  a  consideration  of  the 
Bhffitic  Mammals  of  the  genus  Microleates,  in  which  the  author 
places  the  detached  tooth  of  Hypsiprimnopsia  rhceticus  discovered 
oy  Mr.  Boyd-Dawkins  at  Watchet,  Somerset,  and  also  the  re- 
Qiarkably  rich  series  of  detached  teeth  discovered  by  Mr.  Charles 
Xoore,  F.G.S.,  of  Bath,  in  a  fissure  of  the  Mountain  Limestone  at 
Holwell,  Frome,  Somersetshire.  Then  follow  the  Mammalia  from 
the  Stonesfield  Slate  of  the  genera  Amphitheriumf  Fhascolothcrium, 
and  StereognathnSt  comprising  four  species. 

The  remainder  of  the  work  is  occupied  by  the  consideration  and 

description  of  the  Purbeck  Mammalia,  wliich  (with  the  exception 

of  Spalacotheriuum    tricuspidens^    Owen,    discovered,   in    1854,    by 

Meesrs.  Wilcox  and  Brodie,  of  Swanage)  were  all  brought  to  Iv^kt 
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through  explorations  carried  on  with  oharaoteristio  ardonr,  and  at 
mach  oost  and  personal  risk,  by  Samuel  H.  Beoiklefl,  Esq.,  F.BJ3. 
They  occupy  (with  woodcuts)  ninety-three  pages  of  letter-press  and 
nearly  the  whole  of  four  plates.  The  desoriptiona  of  these  early 
types  of  small  Marsupial  Mammals  are  founded  almost  entirely 
upon  the  evidence  affoitled  by  lower  jaws,  not  more  than  half  a  dosen 
specimens  being  found  in  which  the  upper  dental  series  are  pre- 
served, and  no  crania  are  as  yet  known.  Above  ten  genera  and 
twenty-five  species  have  been  determined  from  the  Purbeck  beds, 
Durdlestone  Bay,  Dorsetshire,  and  described  by  Professor  Owen. 
The  plates  have  been  most  carefully  and  sucoessfuUy  drawn  by  Mr. 
Alfred  T.  HoUick. 


AMEBIGAN  GEOLOGICAL  BTJEYET8. 

m. — ^FiBST  Annual  Bepobt  of  the  Gsolooioal  Sttbtey  of  Indxava, 
made  during  the  year  1869,  by  E.  T.  Cox,  State  Geologist,  as- 
sisted by  Professor  Frank  H.  Bbadlet,  Dr.  Rufus  Hayxond, 
and  Dr.  G.  M.  Lbvettb.  8vo.  pp.  240.  Three  maps  and  one 
sheet  of  sections.     (Indianopolis,  1869.) 

ALTHOUGH  the  result  of  little  more  than  one  year's  work,  this 
first  report  of  Professor  Cox  contains  a  great  amount  of 
valuable  information,  and  shows  a  zeal  and  earnestness  of  purpose 
that  augurs  well  for  the  future. 

The  present  volume  contains  reports  upon  Clay  and  Greene  Conn- 
ties,  and  the  results  of  a  reconnaissance  made  of  Parke,  Fountain, 
Warren,  and  Owen  Counties  by  Professor  Cox ;  and  a  report  of  Ver- 
milion County,  by  Professor  Bradley,  etc. 

As  the  Geological  Survey  is  intended  to  indude  the  entire  State, 
attentipn  is  not  confined  to  those  counties  in  which  coal  and  nlbtalli- 
ferous  ores  are  found,  and  those  less  favoured  with  mineral  wealtil 
are  not  neglected ;  one  of  these,  Franklin  County,  has  been  surveyed 
and  reported  on  by  Dr.  Haymond,  and  Contains  an  account  of  the 
Physical  Geology,  the  General  Geology  (including  a  description  of 
the  rock  formations),  Economic  Geology  (including  the  ores,  building 
stones,  and  all  the  useful  minerals),  timber,  mineral  springs,  Palaaon- 
tology,  water  power,  ancient  earthworks,  bones  of  Mastodon,  and 
the  soil  and  agriculture  of  the  county. 

In  addition  to  the  purely  Geological  Surveys  and  Beports,  a  great 
deal  of  valuable  information  on  the  Natural  History  of  the  State  has 
been  collected  by  Dr.  G.  M.  Levette,  who  gives  an  interesting  account 
of  the  various  Mammals  and  Birds  found  in  Franklin  County  at  the 
present  time. 

The  Report  is  accompanied  by  separate  maps  of  Greene  County, 

Clay  County,  and  Vermilion  County,  upon  which  are  clearly  shown 

the  outcrops  of  coals,  the  sites  of  actual  workings,  as  well  as  where 

coal  has  been  struck  in  borings  or  in  well-sinkings ;  the  positions  of 

iron-ore,  iron  furnaces,  stone  quarries,  etc.     There  is  also  a  oolonred 

section  of  the  geological  formationa  ixomQci^sn.  Cj^Aidd  to  Torre  Hants 
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DOBbnoted  from  outoropB  and  borings  along  the  line  of  the  Terre 
Inte  and  Indianopolis  Bailroad,  upon  which  are  shown  the  positions 
fthe  Tarions  ooals  (five  in  nnmber)  and  strata,  the  latter  com- 
nring  the  Coal-measures,  Millstone-grit,  Sub-Oarboniferous  Lime- 
me,  Shale,  and  Sandstone ;  the  Maroellus  Shale,  and  Devonian  and 
iiper  Silurian  Books,  and  also  the  levels  at  which  springs  of  oil  or 
r  fresh,  salt,  and  sulphur  waters  have  been  proved  to  occur. 

The  first  object  on  commencing  the  Survey  of  the  State  was  to  ac- 
Bie  a  more  extended  knowledge  of  the  Brazfl,  or  Iron-smelting 
oil,  about  which  much  misconception  appeared  to  prevail;  the 
eoeral  impression  being  that  this  peculiar  variety  of  coal,  familiarly 
Down  as  "  Block  Coal,"  or  "  Brazil  Goal,"  was  confined  to  a  small 
ism,  isolated  from  the  great  bituminous  Coal-fields  of  Indiana  and 
Uinois,  and  limited  to  an  €u:«a  of  a  few  square  miles.  The  Sui*vey 
f  Clay  and  Greene  Counties,  though  confessedly  not  made  so  com- 
ilefce  as  desirable,  has  established  the  fact  that  splint  or  block  coal 
■I  been  traced  from  the  southern  limits  of  Greene  County  to  Warren 
]oimty  on  the  north  ;  and,  also,  that  the  area  of  the  Indiana  Coal-field 
Bay  be  stated  at  6,500  square  miles,  or  one-fifth  the  area  of  the 
ntue  State.  According  to  Professor  Cox,  his  investigations  tend  to 
ROve  that  it  is  only  around  the  edge  or  margin  of  the  western  Coal- 
Mnn  that  thick  beds  of  Coal  are  to  be  looked  for.  Towards  the 
mtnl  part  of  the  basin,  the  Cbal-beds  which  surround  it  are  either 
dtogether  absent,  or  have  dwindled  down  to  seams  that  are  only  a  few 
iiches  thick,  their  places  being  occupied  by  a  preponderance  of  Argil - 
loeous  Shale,  some  Sandstone,  and  an  occasional  stratum  of  Limestone. 

The  great  depository  of  limonite  Iron-ore  is  at  the  base  of  the 
iiUstone-grit,  not  only  in  Indiana,  but  likewise  in  Ohio,  Kentucky, 
Temiessee,  Illinois,  Missouri,  Arkansas,  and  the  territory  of  Now 
texioo.  In  Clay  county  more  or  less  Iron-ore  is  met  with  in  the 
Budes  all  along  the  outcrop  of  the  Millstone-grit,  but  as  yet  it  has  not 
leen  found  in  sufficient  quantity  to  supply  a  blast  furnace.  Tlie 
ommon  horizon  of  Iron-ore  in  Greene  County,  as  in  most  of  the 
festem  States  of  America,  lies  at  the  junction  of  the  Conglomerate 
fith  the  Sub-Carboniferous  Limestone,  filling  pockets  of  various 
limensions. 

The  duties  of  the  State  Geologist  are  sufficiently  onerous,  for 
)esides  conducting  the  purely  Geological  Survey,  to  make  known  the 
uiueral  resources  of  the  State,  the  law  places  the  State  Geologist 
it  the  head  of  a  geological  and  scientific  department,  for  the  puqjose 
>f  collecting  information  designed  to  promote  the  interests  of  Agricul- 
nre,  the  Arts,  Manufactures,  and  Mining.  The  State  Geologist  is 
ibo  required  to  establish  a  laboratory  at  Indianopolis,  fitted  up  with 
fl  necessaiy  appliances  for  the  analysis  of  such  ores  and  substances 
»  may  be  considered  likely  to  be  useful  to  the  State ;  also,  to  form 
Geological  and  Natural  History  Collections,  and  to  publish  the  re- 
wiltsof  his  labours  in  the  Annual  lleports  of  the  Indiana  State  Board 
tf  Agriculture.  The  analyses  of  Coals,  Iron-ores  and  Slag,  filling 
two  pages  (136  and  137),  show  that  this  part  of  the  subject  has  not 
Wi  neglected. 
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Although  80  recently  institated,  the  Survey  has  been  attended  bj 
practical  results,  by  drawing  the  attention  of  capitalists  to  the  re- 
sources of  the  State,  inducing  large  investments  in  Coal-lands,  and  the 
taking  of  decided  steps  for  the  erection  of  several  new  blast  famaces  foi 
smelting  iron ;  also  for  the  building  of  glass-works  at  Indianapolis, 
sand  suitable  for  the  manufacture  of  glass  having  been  discovered  by 
the  Geological  Department  in  various  localities  of  the  State. 

From  the  information  which  has  been  furnished  in  this  way  to 
manufacturers,  it  is  believed  that  the  State  has  already  been  benefited 
more  than  ten-fold  the  cost  of  maintaining  the  (Geological  Survey. 

{Toh€  continued  in  <mr  next,)  H.  W.  B, 

rV. — Geology.— By  Professor  John  Morris,  F.Q.S.,  and  Professor  T. 
Rupert  Jones,  F.G.S.  First  Series.  By  Professor  T.  R.  Jonm, 
F.G.S.     8vo.,  pp.  84.     (London :  John  Van  Voorst.) 

A  FIRST  instalment  of  tliis  work,  for  which,  by-the-bye,  we  hate 
anxiously  waited  for  a  long  time,  was  published  at  the  close 
of  hist  year.  It  is  the^  work  of  Prof.  Rupert  Jones,  and  consists  of 
Heads  and  Synopses  of  Lectures  on  Geology,  Mineralogy,  and 
Practical  Geology,  given  at  the  Royal  Military  Staff  and  Cadet 
Colleges,  Sandhurst. 

The  chief  part  of  the  little  volume  (pp.  58)  is  occupied  by  the 
Heads  of  Lectures  delivered  at  the  Royal  Military  College,  between 
18(>G-1870.  There  are  three  Synopses  of  Lectures  occupying  twelve 
pa^es,  might  not  these  have  been  amalgamated  with  advantage  ? 

The  volume  is  rather  a  Table  of  Contents  to  the  forthcoming 
volumes,  where,  no  doubt,  each  subject  mentioned  will  be  fnUy 
dwelt  upon. 

Teachers  will  find  this  book  very  handy  in  the  arrangement  of 
their  lectures.  There  is  much  also  that  the  student  will  find  useful 
in  preparing  for  an  examination.  Geological  terms,  the  physical 
characters  of  rocks  and  minerals,  are  briefly  explained.  The  chief 
points  connected  with  Physical  Geography  and  Palaeontology  aw 
indicated,  and  the  Table  of  the  Geological  Formations  in  the  BritiBh 
Islands  will  be  found  very  useful.  Tlie  copious  index,  moreover,  givei 
facility  of  reference.  A  list  of  geological  books  and  papers  would 
have  been  a  valuable  addition,  some  authors  are  indeed  mentioned 
but  without  references  to  their  works. 


ANNUAL  GENERAL  MEETING. 

I. — Geological  Society  op  London. — The  Annual  General  Meet- 
ing of  this  Society  was  held  on  February  17th,  1871.  Joseph 
Prostwich,  Esq.,  F.R.S.,  President,  in  the  Chair.  The  Secretary 
read  the  Reports  of  the  Council,  of  the  Library  and  Museum  Com- 
mhtoOy  and  of  the  Auditors.  The  general  position  of  the  Societji 
aa  shown  hy  the  state  of  its  ^ano&«  «iid  the  continued  increase  iA 
the  number  of  Fellows,  was  said  lo  \>^  n^t^  ^^\!is&M:X<sr^v 
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renting  the  Wollaston  Gold  Medal  to  Prof.  Bamsay,  F.B.S., 
lie  Presideot  spoke  as  follows  : — 

isor  Bamsayi — I  have  great  pleasure  in  presenting  you  with 
laston  Medal,  which  has  this  year  been  awarded  to  you  by 
»dl  of  the  Society,  in  recognition  of  your  many  reOarcbeB 
leal  and  in  theoretical  geology.  Distinguished  as  your 
have  been  in  connexion  with  the  Qeological  Survey  since 
>red  upon  it  as  the  Assistant  Greologist  of  Sir  Henry  do  la 
a  184-1,  and  more  particularly  since  your  appointment  as 
Irector  in  1845,  during  which  period  you  have  superintended 
ied  out  the  admirably  minute  style  of  mapping  now  general 
Purvey,  and  done  so  much  in  training  its  members  in  the 
a  have  not  less  distinguished  yourself  by  your  investigations 
ligher  problems  involved  in  the  study  of  geology.  Your 
rk  was  on  the  Isle  of  Arran;  and  although  then  only  a 
r,  you,  instead  of  taking  the  rocks  to  be  what  they  looked, 
out  what  they  were,  and  gave  a  new  and  independent  read- 
hem,  which  has  since  in  great  part  proved  to  be  the  right 
1  1846  your  well-known  memoir  "On  the  Denudation  of 
Vales  and  the  adjacent  Counties  of  England  "  showed  the 
IS  amount  of  denudation  that  the  Palaeozoic  rocks  had  under- 
fore  the  deposition  of  the  New  Bed  Sandstone.  At  subse- 
eriods  you  dwelt  on  the  power  that  produced  "  Plains  of 
Denudation,"  a  term  introduced,  I  believe,  by  yourself,  and 
in  all  cases,  by  a  series  of  true  and  beautiful  sections,  how 
operated  in  planing  across  the  older  strata,  and  how  valleys 
n  scooped  out  by  subsequent  aqueous  causes  in  the  great 
)  formed. 

it  imravelling  the  complicated  interior  phenomena  of  the 
ocks,  you  were  not  unmindful  of  the  very  different  order  of 
ena  exhibited  on  their  exterior  surfaces.  Here  you  showed 
t  extent  and  power  of  ice-action,  and  what  a  glacier  Lind 
nee  was.  Beasoning  from  the  present  to  the  past,  you  also 
>ushed  your  ice-batteries  far  back  into  geological  time,  and 
3  first  to  bring  them  to  bear  on  rocks  of  Permian  age.  Tliat 
d  post  you  long  had  to  bold  alone ;  but  other  geologists  have 
llowed  your  lead,  and  we  have  even  lately  had  evidence  in 
e  direction  from  Southern  Africa,  where  it  is  asserted  that 
)  and  glaciated  surfaces  have  been  found  at  the  base  of  the 
3rmation  of  supposed  Jurassic  age. 

lave  also  held  a  prominent  place  among  those  who,  by  their 
eaching,  have  done  so  much  during  the  last  twenty  years  to 
the  cause  of  our  science.  To  myself  personally,  whose 
al  career  has  run  nearly  parallel  in  time  with  your  own,  it 
X5e  of  much  pleasure  that  it  has  fallen  to  my  lot  to  hand  you 
highest  testimonial  the  Society  has  to  bestow. 
Bamsay  made  the  following  reply : — 

^resident, — I  cannot  say  whether  I  am  more  pleased  or  sur- 
y  the  unexpected  award  to  me  of  the  Wollaston  Medal  by 
Qcil  of  this  Society.    Pleased  1  well  may  be,  not  because  I 
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ever  worked  for  this  or  any  other  honoxir,  but  beoause  I  feel  a  flesaa 
of  satisfaction  that  the  work  on  which  I  have  been  engaged  for  ths 
last  thirty  years  has  been  esteemed  by  my  friends  and  fellows  of  tk 
Council  of  the  Society  so  highly,  that  Uiey  have  deemed  me  a  fit 
recipient  of  this  honour.  It  is  also  a  special  satisfaction  to  me  thit 
this  award  has  been  bestowed  by  the  hand  of  one  of  my  oldest 
geological  friends,  who  is  so  universally  esteemed  and  beloved,  and 
is  himself  so  distinguished  a  contributor  to  physical  and  other 
branches  of  our  science. 

My  first  endeavour  in  geology  (the  construction  of  a  geologioil 
ma])  and  model  of  Arran)  necessarily  drew  my  attention  to  the 
physical  part  of  our  science ;  and  when,  consequent  upon  that  work, 
I  was,  through  the  intervention  of  my  old  and  oonstant  friend,  Sir 
Roderick  Murchison,  appointed  by  Sir  Henry  de  la  Beche  to  the 
Geological  Sur\*ey  oif  Great  Britain,  my  whole  subsequent  life  wai 
thereafter  necessarily  involved  in  questions  of  physical  geology,  for 
no  man  can  work  on  or  conduct  the  field-work  of  such  a  Survey  who 
does  not,  aided  by  palaeontology,  necessarily  make  that  his  first  aim. 
If  some  of  my  theories,  induced  by  that  work,  were  long  in  being 
recognized,  the  recognition  has  been  all  the  more  welcome  when  8 
came.  Prolmbly  I  never  should  have  been  able  to  do  what  I  have 
done  but  for  the  wise  example  of  my  old  master  Sir  Heniy  himseli 
in  his  time  the  best  thinker  in  England  on  the  physiind  bnndi 
of  our  science,  and  to  whose  remarkable  work,  ''  Researohea  is 
Theoretical  Geology,"  all  geologists  are  to  this  day  indebted. 

The  pai>ers  which  I  have  written  are  mere  offshoots  from  mi 
heavier  work  on  the  Geological  Survey.  Perhaps  they  are  enoo^ 
for  the  readers ;  but  I  wish  they  had  been  more  numerous,  for  1 
certiiiiily  have  had  many  more  in  my  mind.  Two  of  these,  on  olt 
physical  geographies,  I  have  lately  given  to  the  Society ;  and  if  the; 
should  l>e  printed,  I  should  be  well  pleased  should  they  soon  or  lit 
l)e  f(.)und  wortliy.  The  present  physical  geography  of  the  world  i 
but  the  sequel  of  older  physical  geographies ;  and  to  make  out  tl 
history  of  these  is  one  of  the  ultimate  aims  of  geology.  These  ai 
the  subjects  I  liave  striven  to  master  in  part  I  consider  your  awai 
as  a  sign  that  I  have  had  some  success ;  and  if,  before  I  cease 
work,  J  have  a  little  more,  I  may  well  be  content. 

The  President  then  presented  the  Balance  of  the  Proceeds  of  tl 
WoUaston  Donation  Fund  to  Robert  Etheridge,  Esq.,  F.G.S.  in  a 
of  tlie  publication  of  his  great  Stratigraphical  Catalogue  of  BritL 
Fossils,  and  addressed  him  as  follows : — 

Mr.  Etheridge, — The  Council  of  the  Society  has  awarded  to  y 
the  Proceeds  of  the  Wollaston  Fund,  to  aid  in  prosecuting  yo 
vabiable  work  on  the  Fossils  of  the  British  Islands,  stratigraphical 
arranged.  In  this  work,  on  which  you  have  been  engaged  durii 
the  liist  eight  years,  and  which  occupies  nine  volumes  of  MS.,  repi 
scnting  as  many  geological  groups,  you  give  the  natural-history  lii 
of  each  gronj),  and  trace  the  history  of  each  species  botli  in  tii 
and  space.  Of  the  magnitude  of  the  work  few  can  have  any  idc 
nor  would  many  have  an  idea  of  the  marvellous  extent  of  past  11 
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h  our  small  portion  of  the  globe  withont  a  comparison  of  our 
nont  fiuma  with  those  (necessarily  incomplete  because  only  partly 
tooessible)  which  yon  have  ennmerated  in  your  most  nsefol  lists. 
Hus  comparison  shows : — 


i 


?      I     1*     f     S      5        Total. 

the  exifting  firana  and }     616      278      567    263    16    364    76    1820        3989 
flora  of  Great  Britain, 
limber  of  Species 

fcimdfiMril in  Great      J   2674      746    7091    816   224    12    172     819     12,453 
BniaiB  .••..•••••••.•■••( 

I  trost  that  this  work  will  not  be  allowed  to  remain  in  MS. ;  and 
diAt»  presuming  you  will  begin  with  the  oldest,  we  may  soon  look 
far  sn  instalment  in  the  fistuna  of  the  Palaeozoic  rocks.  I  have  much 
pleasure  in  presenting  you  with  this  token  of  the  importance  which 
tbe  G^logical  Society  attaches  to  your  labours. 
Mr.  Etheridge  made  the  following  reply : — 
I  have  great  satisfaction  in  receiving  from  you  Sir,  and  the 
Ooimcil  of  the  Qeological  Society,  the  award  of  the  Wollaston  Fund. 
It  is  given  for  work  known  to  be  nearly  done,  and  faith  in  its  com- 
jdetion.  The  time  and  labour  devoted  to  my  book  upon  the  Strati- 
gZB{»hical  Arrangement  of  the  British  Fossils  has  extended  over 
nearly  nine  years  of  incessant  work,  and  has  been  an  arduous  yet 
pleasant  undertaking,  now  made  lighter  by  the  recognition  of  those 
who  know  and  value  the  researches  made  for  so  extensive  a  catalogue 
of  the  British  organic  remains,  now  numbering  nearly  13,000  species. 
It  is  this  estimation  of  my  labour  by  the  Council  and  Society  that 
tends  to  increase  the  desire  to  make  my  work  as  perfect  as  possible, 
well  knowing  how  difficult,  if  not  impossible,  it  is  to  do  so.  This 
acknowledgment.  Sir,  from  your  hands  will  stimulate  me  to  finish 
my  researches  into  the  literature  of  the  British  species,  and  their 
history  through  space  and  time  throughout  Europe. 

The  President  then  proceeded  to  read  his  Anniversary  Address, 
in  which  he  discussed  in  considerable  detail  the  bearing  of  the 
recent  deep-sea  dredging  operations  upon  geological  reasoning.  The 
Address  was  prefaced  by  biographical  notices  of  deceased  Fellows, 
including  Sir  Proby  Cautley,  Sir  Frederick  Pollock,  Mr.  Robert 
Hntton,  and  Professor  Gustav  Bischofif. 

The  Ballot  for  the  Council  and  Officers  was  taken,  and  the  follow- 
ing were  duly  elected  for  the  ensuing  year  : — President:  Joseph 
Prestwich,  Esq.,  F.B.S.  Vice-PreaidenU :  Sir  P.  de  M.  G.  Egerton, 
Bart,  M.P.,  F.R.S. ;  Prof.  T.  H.  Hu^xley,  LL.D.,  F.R.S. ;  Sir  Charles 
Lyell,  Bart,  D.C.L.,  F.R.S. ;  Prof.  John  Morris.  Secretaries :  John 
Evans,  Esq.,  F.R.S. ;  David  Forbes,  Esq.,  F.R.S.  Foreign  Secretary: 
Prof.  D.  T.  Ansted,  M. A.,  F.R.S.  Treasurer :  J.  Gwyn  Jeffreys, 
Esq.,  F.E.S.     Counca :  Prof.  D.  T.  Ansted,  M.A.,  F.R.S. ;   W.  B. 
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Carpenter,  M.D.,  F.RS. ;  William  CarrutlierB,  Esq.,  F.L.8.;  W. 
Boy<l  Dawkins,  Esq.,  M.A.,  F.RS. ;  Prof.  P.  Martin  Duncan,  ILB, 
F.K.S. ;  Sir  P.  de  M.  G.  Egerton,  Bart,  M.P.,  F.RS. ;  John  Etsm, 
Esq.,  F.K.S.,  F.S.A. ;  David  Forbes,  Esq.,  F.RS. ;  J.  Wickham 
Flower,  Esq. ;  Cnpt.  Douglas  Galton,  C.B.,  F.RS. ;  R.  A.  C. 
God  win- Austen,  Esq.,  F.RS. ;  J.  WLitaker  Hulke,  Esq.,  F.R5.; 
Prof.  T.  II.  Huxley,  LL.D..  F.RS. ;  J.  Gwyn  Jeflfreys,  Esq.,  F.RS.; 
Sir  Charles  Lyell,  Bart.,  D.C.L.,  F.R.S.;  C  J.  A.  Meyer,  Esq.; 
Prof.  John  Morris ;  Joseph  Prestwich,  Esq.,  F.R.S. ;  Prof.  A.  C. 
Ramsay,  LT^.D.,  F.R.S. ;  R.  H.  Scott  Esq.,  M.A.,  F.RS. ;  Prof.  J. 
Tennant,  F.Z.S. ;  Rev.  Thomas  Wiltshire,  M.A.,  F.RA.S.;  Heniy 
Woodward,  Esc].,  F.Z.S. 


II. — Geological  Society  op  London. — February  22,  1871.— 
Josei)h  Prestwich,  Esq.,  F.R.S.,  President,  in  the  Chair.  The  follow- 
ing communications  were  read. 

1.  '•  On  sujqwsed  Bonngs  of  Lithodomous  Mollusca.*'  By  Sir 
W.  C.  Trevolyan,  Bart,  M.A.,  F.G.S. 

The  author  referred  to  Mr.  Mackintosh's  paper  on  tliis  subject 
(Qiiai-t.  Joum.  Geol.  Soc.  vol.  xxv.  p.  280),  and  stated  his  conviction, 
from  <'xaminationof  si)eciniens,  that  the  holes  in  question  are  the  work 
of  IhViccA,  or  other  terrestrial  MoUusca.  He  ascribed  the  same  origin 
to  the  so-called  "  JV/o/rt8-boring8  "  in  the  limestone  at  Orme's  Head 
and  elfiewhore.  He  considered  length  of  time  to  be  a  necessai] 
oleniont  in  the  formation  of  these  holes.  Tlie  author  also  remarkec 
tliat  lio  had  suggested  a  glacial  origin  for  the  terminal  cur\'atureO 
the  laniinaj  of  slate-rooks  as  early  as  1849. 

Discission. — Mr.  Gwyn  Jfffreys  read  extracts  from  a  work  published  hv  the  Re' 
Mr.  Ilnd^r^on  in  1827,  on  the  Natural  Ilistorj'  of  Northumberland,  in  wliich  the 
biiiiii^rj;  i,i  limestone  were  rrferred  to  the  action  of  snails.  Mr.  Jetfrevs  considen 
the  foot  to  be  the  sole  instrument  employed  by  the  boring  Mollusea  in  excavatii 
their  burrows.  He  cxliihited  specimens  of  Lias  from  Lyme  llrgis  perforated  1 
riinliis,  and  of  hard  limestone  from  Malta  perforated  by  LithMhffnu*,  and  riinarke 
in  eoiin(  xion  with  the  notion  tlint  asperities  on  the  shell  might  be  boring  agenta,  th 
thr  shell  of  Li(hf'(lnmus  is  perfectly  smooth. 

Prof(s>or  Ramsay  mentioutMl  tliat  he  had  seen  Htlices  taken  out  of  these  holei 
Teiihy  ))y  Dr.  Auckland,  who  ])elieved  that  the  snails  effected  the  perforations  by  ti 
agency  of  an  acid. 

Mr.  Charlefiworth  thoujfht  that  if  so  much  uncertainty  could  prevail  upon  such 
Buhject,  it  threw  great  doul)t  upon  some  of  the  grandest  generalizations  of  geol(^ 
lie  re  forrcd  to  the  evidtnce  connected  with  the  glaciation  of  the  Great  Orme's  Hca 
in  which  the  oripin  of  the  ])erforations  under  discus8i(m  was  of  much  importance,  M 
Darbishirc  maiiitJiiniug  that  tliey  were  the  work  of  Pholadts^  while  Mr.  Bonni 
asserted  th:it  they  were  produced  by  snails.  In  the  same  way  the  origin  of  tl 
celebrated  borings  in  the  Temple  of  Jupiter  Serapis  might  be  disputed,  and  tl 
generalization  founded  upon  it  rendered  doubtful.  Mr.  Charlcswortb  noticed  tl 
necessarily  small  proportion  of  borers  to  the  whole  snail  population  of  Britiiin,  ai 
reinaike<l  especially  upon  the  absence  of  perforations  in  the  Clialk  districts.  lie  ooi 
siden-d  that  repeated  observations  were  necessan*  before  this  snail-engineering  coii 
be  admitted,  and  su'rgested  a  systematic  course  of  experiments. 

Mr.  IJoyd  Daw  kins  suggesteil  that  the  carbonic  acid  exhaknl  by  snails  in  rospiratic 
miglit  act  upon  limestones,  and  remarked  that  chalk  weathers  too  rapidly  to  prescr 
the  excavations. 

2.  "  On  the  j^rohable  Cause,  Date,  and  Duration  of  the  Glacii 
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XIpoch  of  (Jeology."    By  Lieutenant-Colonel  Drayson,  R.A.,  F.B.A.S. 
Gommnnieated  by  Alfred  I'ylor,  Esq.,  F.G.S. 

In  this  paper  the  author  started  from  the  fact  that  the  pole  of  the 
ecliptic  could  not  be  the  centre  of  polar  motion,  as  the  pole  varied 
its  distance  from  that  centre.  Ho  indicated  tlie  curve  which  the 
pole  did  trace,  and  this  curve  was  such  as  to  give  for  the  date 
13,000  B.C.  a  climate  very  cold  in  winter,  and  very  hot  in  summer 
for  each  hemisphere.  The  duration  of  the  glacial  epoch  he  fixed  at 
about  16,000  years.  The  calculations  resultiug  from  this  movement 
were  stated  to  agree  accurately  with  observation. 

DucuBSiojr. — Professor  Bamsay  inqaired  whether  the  author^s  theory  iriTolved 
the  recurrence  of  gUciol  epochs,  and  whether  he  considered  the  course  of  phenomena 
to  be  constant  in  early  astronomical  epochs. 

Rev.  Osmond  Fisher  inoaired  whether  the  theory  was  founded  on  observed  facts,  or 
whether  it  was  a  purely  pbysical  theory.  He  also  asked  whether  the  line  representing^ 
the  change  in  the  direction  of  the  pole  formed  a  re-entering  curve,  and  wnother  the 
tibeory  would  account  for  the  climate  of  Greenland  in  Miocene  times.  He  suggested 
dianges  in  the  form  of  the  earth  which  must  have  affected  the  direction  of  its  axis. 

The  President  remarked  upon  the  difficulty  that  arose  from  astronomical  theories 
fifferisg  BO  much  among  themselves.  He  referred  particularljr  to  Adhemar*s  theor}', 
ud  remarked  that  the  difficulty  connected  with  it  is,  that  it  invokes  a  recurrent 
esiue,  which  must  produce  similar  effects  every  21,000  years,  whilst  there  is  very 
little  evidence  of  glacial  action  during  the  whole  long  pcnod  of  the  Tertiary  epoch. 

The  author,  in  reply,  stated  that  he  could  not  go  back  beyond  30,000  years,  but 
ftat  he  thought  glacial  conditions  must  recur.  He  hUd  not  astronomical  data  beyond 
2500  yean,  and  these  were  very  vague.  The  motion  would  be  the  same  in  kind*,  but 
vaeertain  in  degree.  His  theory  was  based  entirely  upon  observed  facts.  In  la}ing 
^OWB  the  curve,  he  considered  it  safe  to  go  as  far  as  the  semicircle,  as  he  had  observa- 
tMB  eovering  40^ ;  but  he  could  not  say  whether  the  curve  would  be  a  re-entering 
^  although  it  showed  a  tendency  that  way,  and  would  certainly  be  very  nearly  so. 
^uh  rcganl  to  the  change  of  climate  of  Greenland,  as  evidenced  by  its  Miocene 
m,  he  was  not  sufficiently  yersed  in  botany  to  pronounce  an  opinion.  He  remarked, 
Q  eonclusion,  that  the  distance  of  a  planetary  body  from  the  sun  did  not  seem  to 
tfleet  climato,  and  stated  that  Venus  is  at  present  suffering  under  a  must  severe  glacial 


8.  "  On  Allophane  and  an  allied  Mineral  found  at  Northampton." 
By  W.  D.  Herman,  Esq.  Commimicated  by  Warington  W.  Smyth, 
6q.,  F.B.S.,  F.aS. 

In  this  paper  the  author  gave  analyses  of  an  amorphous,  trans- 
Inoent,  reddish-yellow  mineral,  found  incrusting  sandstone  in  the 
Iionstones  of  the  Northampton  sands,  the  comparison  of  which  with 
Ifr.  Northcote's  analysis  of  allophane  from  Charlton  leads  him  to 
infer  the  identity  of  the  two  minerals.  He  also  noticed  a  soft  white 
BQbstance  found  in  certain  joints  of  a  section  of  the  Northampton 
■Bid,  likewise  referred  to  allophane  by  the  late  Dr.  Berrell,  who 
^yzed  it.  This  substance  was  said  to  occur  not  unfrequently  in 
*he  inferior  Oolite  of  the  Midland  Counties.  By  analysis,  it  was 
shown  to  agree  nearly  with  Samoito  and  Halloysite. 

BucuBHioN. — Mr.  David  Forbes  stated  that  he  had  found  phospheric  acid  in  the 
■uit-mentioned  mineral,  which  was  perhaps  the  cause  of  its  lustre.  The  mineral  was 
Pi^l>ably  not  pure  allophane. 

iVofessor  Morris  suf^gested  a  chemical  and  microsocopical  examination  of  the  strata 
yove  the  places  in  which  these  minerals  occur,  which  would  probably  reveal  the  con- 
J^s  under  which  they  have  been  formed.  They  were  probably  produced  by  the 
^^^position  of  silicates  in  the  overlying  rocks  during  the  percolation  of  water. 
^  applied  alio  to  the  Charlton  locality. 
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Mr.  Carruthcn  mentioned  that  allophane  often  filla  the  inflonMenoe  of  the  Cyieadi 
of  the  Yorkshire  Oolite,  entirely  deatroying  the  ymtabLc  atructore,  and  that  it  alio 
occurs  in  day  nodules  fVum  the  Coal-meaaures.  Mr.  Carrathera  suggeated  that  the 
dccompodition  of  vcgeuble  matter  in  days  might  aid  in  the  production  of  the  miaeraL 

4.  '<  Not<3s  on  the  Peat  and  underlying  Beds  observed  in  the 
construction  of  the  Albert  Dock,  HulL"  By  J.  C-  Hawkshaw,  E«q., 
M.A.,  F.G.S.  f 

Tlio  Albert  Dock  is  situated  on  the  foreshore  of  the  River  Hamber.    r 
Tlie  exaivations  for  the  dock  extended  over  an  area  of  about  thirty    h 
acres,  and  tliey  were  carried  down  to  a  depth  varying  from  eight  kk     - 
to  27  feet  below  low  water  of  spring-tides.    Beneath  the  more  modem 
deposits  of  Humbcr  silt  a  bed  of  peat,  Hessle  Clay,  Hessle  Sand,aDd     ' 
puii)le  clay,  were  successively  met  with.     The  peat  was  found  at  the 
west  end  of  die  Dock  at  the  level  of  low  water ;  at  the  east  end  the 
bed  di])pcd  so  that  the  upper  surface  was  found  at  eight  feet  below     \ 
the  level  of  low  water.     In  tlie  peat  were  found  the  remains  of  s     |- 
fire,  which  the  writer  attributed  to  human  agency.     Oak-treee  of    | 
large  size  were  imbedded  in  the  peat,  some  of  which  had  grown     ^ 
where  tliey  were  found,  as  was  shown  by  the  stools  remaining  widi 
the  roots  penetrating  the  Boulder-day  beneath.    In  one  oak-tree,  five 
fc*et  in  diameter,  a  hole  was  found  filled  with  acorns  and  nuts.    Many 
of  the  nuts  were  broken  open  at  the  ends,  and  had  evidently  formed 
part  of  the  store  of  a  squirrel.     Remains  of  Coleoptera  were  found, 
and  one  liom-core  of  a  Bos.     The  excavation  did  not  extend  below 
the  upper  parts  of  the  puri)le  clay.     Some  of  the  borings,  however, 
penetrated  the  chalk  at  a  depth  of  85  feet  below  low- water  level, 
passing  through  a  bed  of  sand  16  feet  thick  below  the  purple  clay- 
Several  thousand  cul)ic  yards  of  this  sand  were  brought  up  into  the 
fouiulatioiis  by  springs  of  water  which  flowed  up  through  old  bore- 
holes.    The   abstraction  of  this  sand  from  beneath  the   clay-bede 
caused  it  to  subside  many  feet     The  >\Titer  tliinks  that  anaJogoO^ 
subsideiiees  may  take  phice  from  natural  causes  ;  for  instanco,  where 
Lirgo  sj»rings  occur  in  tidal  rivers.     Two  sections  exhibited  showeA 
the  beds  above  the  chalk  for  a  distance  of  rather  more  than  a  mild 
along  ihe  foreshore.     The  Ilossle  sand  was  shown  to  thin  out  to  th0 
westward.     It  does  not,  in  tlie  writer's  opinion,  increase  in  thicknes^ 
in  that  direction,  as  it  was  shown  to  do  in  a  section  already  publishec)^ 
in  the  l*roccedings  of  the  Society. 

Disci'ssiox. — The  Trosidcnt  remarked  upon  the  singularity  of  the  occniTenoe  of 
a  Uh\  (if  aslK's  at  sueh  a  tlcjith  in  tliest;  duposita. 

Mr.  Gwyn  Jt-tfreys  refcrrt'd  to  the  President's  paper  on  the  Eelsey  Hill  heds,  anJ- 
remarked  on  some  of  the  Mollusca  obtained  hy  Mr.  llawkshaw. 

Mr.  Hovd  Dawkins  mentioned  the  oceurrence  of  n  submarine  forest  on  the  coant  o£" 
Somcisetsliirc,  forming  a  layer  of  peat,  beneath  whieh  was  a  land-eurfacc,  on  which 
the  Ton  St  li;ul  grown,  and  in  which  Hint  Hakes  were  found  at  Portlock  and  Watchct 
on  dii:-|:in;j:  tliri)u;;h  thi;  peat.  lie  remarked  on  the  depression  of  the  coast  of  Somer- 
setshire within  the  human  period,  and  suj^gested  that  the  forest  at  Hull  may  have 
been  eontt'm])oraneous  with  tliat  of  Somersetshire. 

Profr.Hsor  Morri.s  inijuired  wljether  any  tre(!S  or  roots  were  found  as  when  growing. 
The  shcIK  obtained  were  estuarine.  Professor  Morris  remarked  on  a  submerged  forest 
near  Whittlesey,  with  terrestriiU  plants  and  freshwater  shells  imbedded  in  the  oTerlying 
clav. 

the  author,  in  reply,  stated  that  the  trees  had  fallen  where  they  grew.  The  general 
appearance  of  things  led  him  to  the  belief  that  the  fire  which  had  deitroyed  part  of 
the  forest  was  of  human  production. 
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BOL0OT8T8*  AsflooiATioK. — Std  March,  1871. — ^Tlie  Eev.  Thomas 
shire,  M.A.,  F.G.S.,  etc.,  President,  in  the  Chair.  Professor  T. 
art  Jones,  F.O.S.,  Honorary  member  of  the  Geologists'  Associa- 
read  a  paper  "  On  the  Range  in  Time  of  the  Foraminifera." 
paper  was  preceded  by  an  interesting  viva  voce  recapitulation 
16  more  noticeable  features  of  the  Porcdlanous  (imperforate), 
Sy aline  (perforate),  and  the  Arenaceous,  Foraminifera,  the  more 
nrtant  genera  of  which  groups  were  illustrated  by  a  fine  series  of 
rams.  The  -variations  of  form  of  the  Foraminifera  are  in- 
erable,  and  it  is  extremely  difficult  to  construct  satisfactory 
188  and  genera.  In  a  strict  zoological  sense,  indeed,  a  Forami- 
ral  genus  has  but  the  value  of  a  species  of  a  higher  class.  The 
38  and  lists  of  genera  prepared  by  the  Professor  might  therefore 
ompared  with  lists  of  species  of  the  higher  divisions  of  the 
lal  kingdom.  Of  the  Porcellanous  group,  Miliolay  Nubicularia 
Comiupira  appear  to  have  the  longest  range,  being  found  in 
Bsic  and  Rhastic  strata,  and  living  in  our  present  seas.  The 
laceous  €u:e  older,  five  genera  occurring  in  Carboniferous  for- 
ons.  Of  the  Hyaline  Foraminifera,  seven  genera  are  Paleeozoic. 
dina,  Stromatopora  and  Eozoon  appear  to  be  essentially  Palaeozoic 
18.  The  essentially  abyssal  genera  are  ArhvJUna,  Glohigerina, 
OBitta,  and  Sphoaroidina,  all  Hyaline.  The  Olobigerina,  as  is  well 
wn,  being  abundant  both  fossil  in  the  Chalk  and  living  in  the 
of  the  Atlantic.  Contrary  to  the  general  impression,  tibere  are 
few  forms  common  to  the  Atlantic  ooze  and  the  Chalk,  and  this 
!  the  author  to  doubt  some  conclusions  which  have  recently  been 
m. 

rofessor  Morris  exhibited  some  of  the  Foraminiferal  mud  from 
bottom  of  the  Atlantic,  and  pointed  out  the  important  part  the 
)  has  played  in  the  formation  of  the  globe,  reminding  the 
Knation  that  Eozoon  forms  masses  of  rock  covering  a  vast  area  in 
h  America,  that  Russian  Mountain  Limestone  is  made  up  of 
dinay  that  the  Nunmiolitic  Limestone,  of  which  the  Pyramids 
bidlt,  is  found  over  a  very  great  extent  of  the  earth's  surface, 
as  Lonsdale  was  the  first  to  show,  our  world  famous-chalk  cliffs 
chiefly  composed  of  the  remains  of  this  curious  group  of  the 
lal  kingdom. 

rofessor  Rupert  Jones  replied  to  the  remarks  of  the  President 
several  members,  and  took  occasion  to  explain  the  method,  by 
IS  of  successive  boilings  and  siftings,  of  obtaining  fossil  Forami- 
na from  clays. 

b  the  next  meeting  of  the  Association  on  April  the  4th,  a  paper 
be  read  by  Mr.  Mfred  Bell,  "  On  the  English  Crags»considered 
jference  to  the  Stratigraphical  Divisions  indicated  by  their  In- 
Bbrate  Fauna." 


DiNBURGH  Geological  Society. — February  16th,  1871. — At  the 
h  Ordinary  Meeting  of  this  Society  held  this  evening,  the 
wing  communication  was  read : — "  Notes  on  the  Coal-fields  at 
irk,  illustrated  with  drawings  and  specimens  of  Antholithes  and 
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its  fniit,  Hnlonia  and  other  fossil  plants  from  that  locality."  Bj 
C.  W.  Piach,  A.L.S. 

Abstract, — Mr.  Peach  stated  that  he  went  to  Falkirk  for  a  summei 
ramble    aiiiongst    the    Coal-measures    there,    having    long  ^bd 
for   sufli   an  oj)p()rtunity.      His  son,   Mr.   B.   N.   Peach,    of  the 
Geological  Survey,  jiointed  out  where  he  should  work,  and  at  ona 
he  set  to.     He  commenced  amongst  the  black  shales  of  No.  1  Station 
Pit.  and  at  the  l)rick  work  a  little  beyond.     It  was  however  at  the 
Cleiicli,  near  Glen  Village — a  little  more  than  a  mile  from  Falkirk— 
amongst  the  grey  shales  from  Coxroad  ])it,  that  he  spent  the  most 
time  and  got  the  l>est  and  most  interesting  fossils.     He  exhibited  a 
diagram  and  jNanteil  out  the  position  of  these  places  in  order  of 
sequence,     llie  Miller  Coal  and  Johnston's  Oil  shale,  being  the 
highest ;   the  craw  coal  next ;   and  then  the  splint  coal  of  Xa  1 
Station  Pit  and  the  bri(^k  work ;  at  the  latter  place  there  is  a  splendid 
section,  and  from  its  being  worked  '*  opencast,"  the  Boulder-day,     ' 
R]ial(>s  an<l   musHcl-band,  coals  and  sandstones,   are  laid  open  to     ! 
daylight,  and  thus  all  the  strata  down  to  tlie  Coxroad  coals  maybe 
Rcen  in  section,  giving  a  key  to  the  geology  of  the  neighbourkood. 
The  strata  being  flat  over  the  whole  distiict,  the  same  beds  are 
constant I3'  recurring.     He  next  referred  to  the  diagram  to  show  thit 
the  above  beds  overlaid  the  position  of  the  gas  coals  at  Lesmahagow. 
and  tlio  edge  cojds  of  Edinburgh,  and  added  that  although  he  in- 
tended to  say  most  about  the  plants,  ho  wished  to  mention  that  he 
hnd   got  in  shale  at  Pirloy,  near  Falkirk,  a  spine  or  two  of  an 
Acanthodrs.     At  Lesmahagow,  sevenil  nice  specimens  of  Acanlhoit^ 
in  the  gas  coal  and  black-band  of  Auchenheath ;  and  in  the  Parrot 
coal  of  Loanliead,  near  Edinburgh,  a  great  number  of  AcanthodeB^ 
one  being  the  A,    Wnrdii  of  Egerton,  this  splendid  spined  and  well* 
marked  tish  being  tar  from  rare  there,  and  thus  is  now  known  bot*^ 
at  Edinburgh  and  Glasgow,  and  is  probably  plentiful  in  the  ScotcJ^ 
Coal- districts,     lie  said  he  had  man^' other  fishes — some  he  believ^^ 
new — and  other  things  from  the  coals ;  these  he  reserved  for  tb-^ 
present.     He  then  entered  into  a  long  description  of  the  fossil  plant  ^ 
of  Falkirk  district,  and  especially  mentioning  Antholithea  Piteairni^ 
and  its  fruit  Cardiocarpon,  which  he  had  found  attached;  Calamite^ 
nodosns.  Lcpidodaidron,  Ilahnia,  TJlodendrony  and  Flabellana  borassi'^ 
folia,  etc.     Tliese  he  fully  descrilxjd,  and  produced  a  splendid  col^ 
lection  of  specimens  in  all  stages,  illustrated  with  drawings  anf 
recent  plants  for  comparison.     lie  especially  referred  to  the  obliga-^ 
tions  he  was  under  to  Mr.  Carruthers,  of  the  British  Museum,  for  his 
excellent  papers  on  fossil  botany,  and  to  Principal  Dawson  for  his 
Acadian  Geolog}%  he  having  derived  the  greatest  assistance  from 
these  gentlemen's  labours ;  and  after  showing  how  much  the  Flora 
and  Fauna  of  the  Coal-fields  of  Acadia  agreed  both  generically  and 
specifically  with  our  own,  concluded  by  thanking  Messrs.  Dougall 
and  Potter  and  Mr.  Walker,  coal  proprietors,  to  whom  he  felt  deeply 
grateful,  not  only  for  freely  allowing  him  to  work,  but  assisting 
personally  to  helj)  him  in  every  possible  way. 
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MEAN  THICKNESS  OF  THE  SEDIMENTARY  BOCKS. 

B, — Permit  me  space  for  a  few  remarks  on  Mr.  J.  Croll's 
«stmg  paper  in  your  last  number,  on  the  mean  thickness  of  the 
aentary  rocks. 

le  leading  idea  of  Mr.  Croll's  calculations  on  this  subject  is,  that 
ledimentary  rocks  are  wholly  derived  from  the  detritus  carried 
tiie  ocean  by  rivers;  and,  consequently,  that  their  volume  formed 
ly  specified  time,  can  be  accurately  gauged  by  a  knowledge 
le  annual  amount  of  sub-aerial  denudation.  This  appears  from 
mbjoined  passage  (p.  98,  ad.  fin.).  <<  If  we  know  the  rate  at 
h  the  land  is  being  denuded,  then  we  know  with  perfect 
ncy  the  rate  at  which  the  sedimentary  deposits  are  being 
ed  in  the  ocean.  This  is  obvious,  because  sdl  the  materials 
ded  from  the  land  are  deposited  in  the  sea ;  and  what  is 
sited  in  the  sea  is  just  what  comes  off  the  land,  with  the 
ption  of  the  small  proportion  of  calcareous  matter  which  may 
bave  been  derived  fix)m  the  land,  and  which  in  our  rough 
late  may  be  left  out  of  account." 

1  this  I  would  remark :  Ist  That  no  allowance  is  here  made 
he  vast  quantities  of  sedimentary  matter  carried  into  the  sea 
ttoral  erosion. 

d.  Can  it  be  allowable  to  leave  out  of  the  account  as  *'  of  such 
I  proi)ortion  as  to  be  unworthy  of  notice,  the  calcareous  matter 
h  may  not  have  been  derived  from  the  land," — a  category 
h  would  include  all  coral-reef  formations,  as  well  as  all  sedi- 

from  the  outflow  of  calcariferous  springs  at  the  bottom  of  the 
1 — a  combination  in  which  probably  the  far  greater  part  of  the 
reous  sedimentary  Bocks  had  their  origin. 
i.  Neither  is  any  notice  taken  by  Mr.  Croll  of  the  enormous 
tnt  of  argillaceous  and  siliceous  matter  spread  over  the  bottom 
e  ocean  after  its  eruption  from  submarine,  as  well  as  from  sub- 
1  volcanic  mouths  in  islands  or  in  the  vicinity  of  the  sea.  This 
IT  either  subsides  where  it  falls  near  the  vent,  or  is  distributed 
aves  and  currents  over  the  bottom  of  the  ocean.  The  vast 
int  of  such  fragmentary  conglomerate  or  ash  which  is  annually 
aced  and  deposited  on  the  floor  of  the  sea  may  be  guessed  at 

the  fact  that  all  known  volcanic  orifices  are  in  close  proximity 
le  sea,  and  the  probability  that  a  far  larger  number  are  in 
lent  eruption  at  its  bottom,  though  outwardly  unobserved.  It 
>11  known  that  during  some  violent  volcanic  eruptions,  though 
ig  but  a  few  days  or  weeks,  areas  of  ocean  several  hundred 
:e  miles  in  extent  have  been  covered  with  floating  pumice  and 
while  the  finer  dust  has  been  spread  in  quantities  over  still 
r  spaces ;  all  which  matter  must  speedily  subside  to  tlie  bottom, 
over,  before  a  submarine  volcano  can  rear  its  head  above  the 
jvel,  its  loose  materials  have  probably  been  again  and  again 
t  away  by  the  waves  and  currents,  to  form  sedimentary  strata 
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on  the  floor  of  the  Burronnding  ocean,  aa  is  known  to  have  been  the 
case  with  the  Isle  Julia,  near  Sicily,  the  Eaimenia  in  the  crater  of 
Santorino,  and  other  instances. 

Professors  Bamsay  and  (}eikie  both  bear  witness  to  the  large 
proportion  of  the  sedimentary  strata  of  early  geolc^ioal  agee  withm 
the  British  Isles,  that  owe  their  origin  to  the  fiagmentaiy  ejections 
of  submarine  or  insular  volcanos,  wholly  independent  of  sub-aerial 
denudations.  So  too  Mr.  Darwin,  in  his  work  on  South  Americai 
describes  an  immense  geographical  area  east  of  the  chain  of  the 
Andes,  as  composed  in  great  part  of  conglomerates  alternating  with 
beds  of  lava,  all  ejected  from  submarine  volcanos. 

These  various  sources  of  sedimentary  accumulation  at  die  bottom 
of  the  ocean,  if  added  together,  may  fairly  be  considered  aa  pio- 
dnctive  in  the  course  of  ages,  of  an  aggregate  mass  of  strata  rally 
equal  to  that  derived  from  the  contemporary  denudation  of  the  land; 
and  this,  if  admitted,  would  at  the  least  double  the  figures  in  Mr. 
GroU's  estimates  of  the  mean  annual  amount  of  sedimentary  strata 
produced  by  all  causes  combined.  I  should  be  the  last  of  all 
geologists  to  underrate  the  effects  of  sub-aerial  denudation.  But 
it  seems  to  me  impossible  to  ignore  the  feuyt  that  imTnense  aooumih 
lations  of  sedimentary  strata  are,  and  have  always  been,  in  course 
of  production  beneath  the  sea-level,  by  processes  from  which  sab- 
aerial  agencies  are  wholly  excluded. 

CoBUAM,  Karek  14^A,  1871.  G.  POTTLXTT  SCBOPI. 


TERRACES  OF  NORWAY. 

SiB, — ^Under  this  heading  in  your  number  for  this  month  is  a 
notice  of  a  work  by  Professor  Kjerulf.  The  Professor's  facts  accord 
exactly  with  the  theory  which  I  have  had  the  honour  to  publish  in 
your  pages  (Gkolooical  Magazine,  November,  1866,  p.  619,  and 
May,  1867,  p.  1),  and  his  theory  would  only  differ  from  mine  in 
this,  that  he  supposes  the  alluviums  of  which  the  terraces  are  the 
remains  to  have  been  formed  under  a  permanent  ''water-surface, 
which  caused  the  materials  washed  down  by  the  streams  to  be  heaped 
up  everywhere  to  the  height  marked  out,"  p.  75 ;  and  I  suppose  them 
to  be  formed  by  deposit  on  land  from  repeated  temporary  overflows 
caused  by  rain  or  by  melted  snow  which  is  frozen  rain.'  No  one 
will  dispute  this  as  regards  the  marine  alluvium  of  the  Nile.  It 
stands  above  the  surface  of  the  sea,  and  rises  now  by  deposit  from 
yearly  overflow.  But  if  the  north  of  Africa  were  to  rise  ever  so 
gradually,  it  would  cause  the  Nile  to  fall  into  the  sea.  That  is, 
directly  as  the  rise  of  the  land  would  be  the  fall  of  the  river  into  the 
sea.  Directly  as  its  fall  into  the  sea  would  be  its  power  of  deepeniug 
its  channel.     The  river  wotdd  deepen  its  channel,  and  a  time  would 

>  As  I  stated  (Geological  Maoazinb,  May,  1867,  p.  2^,  the  cause  of  eTery  allaTiam 
in  the  wide  wide  world  is  the  stoppage  of  the  loworinff  or  the  bed  of  the  vaUey.  Tho 
sea  stops  the  lowering  of  the  bed  of  every  yalley.  Therefore  the  ^id  of  eyery  yalley 
next  the  sea  is  flat  and  allavial. 
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oome  when  it  oonld  no  longer  overflow  its  banks.  It  would  then  in 
floods  tear  its  banks  down  instead  of  building  them  up,  and  the 
banks  would  reoede  from  the  river  in  the  form  of  two  parallel 
tenaoes.  But  when  the  river  had  cut  its  banks  down  to  the  level 
at  whioh  it  oould  again  overflow  them,  it  would  again  deposit  on 
tiiem,  and  would  form  a  new  alluvium  at  the  new  level  of  the  river. 
If  the  rising  of  the  land  continued,  this  new  alluvium,  like  the  old 
one,  would  recede  as  two  parallel  terraces ;  and  so,  step  by  step, 
would  be  formed,  as  long  as  the  rising  of  the  land  continued,  whether 
tbe  rising  was  gradual  or  sudden.  I  have  mentioned  such  terraces 
at  Loch  Banza  in  Arran,  in  the  AtheruBum,  22nd  July,  1865. 

So  far  in  reference  to  marine  alluvial  plains.  With  regard  to  inland 
foickea  of  alluvial  plains  and  their  terraces,  their  formation  has 
ooihtng  to  do  with  the  rising  of  the  land,  and  nothing  to  do  with 
the  comparative  level  of  the  sea  and  land.  They  result  only  from 
Ae  different  hardness  of  the  diflerent  strata  of  the  same  valley. 
That  is,  directly  as  the  strata  are  hard  (owing  to  the  retarding  of 
atmospheric  disintegration  and  erosion),  the  valley  is  narrow,  and 
aanunes  the  character  of  a  gorge  with  Mis  or  rapids  in  the  river. 
Direotly  as  the  strata  are  soft,  the  vallev  is  worn  back  wide  and 
flst^  Bain  floods  checked  at  the  gorge  tnen  overflow  the  flat,  and 
deposit  an  alluvium,  as  the  falls  or  rapids  of  the  hard  gorge  or 
9arrow8  sink  from  erosion,  the  bed  of  the  river  in  the  soft  valley 
above  sinks  also,  till  a  time  comes  when  the  river  can  no  longer 
overflow  the  alluvium  which  it  has  formed.  And  the  sinking  of  the 
bed  of  the  river  in  the  inland  alluviums  produces  the  same  eflects  as 
the  rising  of  the  land  does  on  the  marine  alluviums.  That  is, 
alluvium  after  alluvium  is  formed  one  below  the  other,  and  in  suc- 
oeerion  driven  back  as  parallel  terraces  against  the  hill-side. 

If  my  theory  is  true,  this  must  be  going  on  now  in  Norway. 
That  is,  there  must  be  alluviums  (not  '^ basins"  or  permanent  '^water- 
nrfaces ")  forming  note  below  the  ancient  terraces  at  the  level  at 
which  each  river  overflows  above  each  gorge  or  rapid.  These 
aotoally  progressing  alluviums  may  be  seen  throughout  nature. 
They  may  be  seen  in  Lyell's  engraving  of  the  Parallel  Beads  of 
Glen  Boy,  in  Lord  Milton's  and  Gbeadle's  terraces  of  the  Eraser 
river,  GsoLooiOAL  Magazine,  1867,  Vol.  IV.,  p.  206,  and  in  Hooker's 
terraces  of  the  Yangma,  ibid,  p.  208. 

Donbtless  your  Magazine  will  be  seen  by  Professor  Kjerulf.  Will 
be  do  me  the  favour  to  state  whether  this  is  so  or  not  ? 

Geobge  Gbeenwood,  Colonel. 
Beookwood  Pabk,  Alrbsfobd, 
IQth  February,  1871. 

^  This  is  what  Mr.  Mackintosh  has  called  Colonel  Greenwood's  '<  Hard  gorge  and 
nft  Talley  theory." 


ISrOT^a    .AJNTX^    QTTSimilHIS. 


1.— Tbub  Sfsoite  ii  m  tggngatB  at  Ampbibole  and  Orthoebw,  and  qwt*  ii  a 

'  '•*■!-  i^ocM  ill  other  uecMoriM  yraBUt).    If  *  roek  cgiuiito  of  Anphl 

■Oligoclue,  what  ihoatd  it  Ic  called  i    Qnaiti  maj  be  abo  ji 


it  fthii  i^octa  all  atlia'  leecaaoriM  vraeiit).    If 
^UrthocW+Oligoclue,  what  ihoiitd  it  Ic  called  i    Qoaiti  maj  be  abo  wn 
not  aecoaarilr  an  eaanitial— G.  H.  K.     (Anawcrtol.     ''BjBmta"BlilL— T.  &.. 


— Eaolik  occnii  «a  a  deeonpnatd  Felitona  m  liti.  Doea  it  oftsa  occur  i 
mbaqneoiu  rock,  and  where  f — G.  H.  E.  (Anawer  to  3.  "Am  the  white  pipe- 
of  fioTBj-Tracey,  Wareham,  Boomemouth,  Alum  Bay,"  etc.    T.  K.  J.} 

s  ipeaUng  of  the  tjpical  Taiietici  of  tha  felapara,  OrUioclaie,  Oliffoclaae, 


1. — Daha  givea  ai  Diorite  a  compound  of  Ampbibole  and  Albite.  Tbii.  hawt 
appean  to  be  mconect,  aa  Diorite  oaght  to  be  a  compoond  of  Amphibole  and  Or 
clue,  with  or  without  Labradorite.  What  a  the  proper  name  tor  a  coinpoiui 
Ampbibole  and  Albite,  and  when  doea  it  occor  f — G.  H.  K. 

6. — Dmniaaox  nve  the  name  of  Bttritt  to  certain  (eUtonea  on  accoont  of  t 
ftiaibilitT,  in  fact  lo  baaic  felitonei  in  which  Oithoclaae  waa  not  preaent,  or  onlj 
a  labordinate  quantity.  Some  authDiitin  confine  the  name  to  an  almoat  cob] 
rock,  an  intimate  mixture  of  Felaparand  QuartifOcxaaiDnallTihowingiipeckaofqu 
Still,  howerer,  there  are  more  or  len  grannlai  cocki,  which  mnit  oe  clautd  am 
the  Euritei,  aa  they  merge  the  one  into  the  other.  In  eome  of  theae  gnnular  n 
Amphibole  ii  Yisible,  and  by  >ome  the  rock  would  be  called  Dioritt.  What  | 
oanta^e  of  Amphibole  ought  a  Diorite  to  contain }  (By  a  Diorite  T  mean  ■  t 
principaliy  compoaed  of  Amphibole  and  Felipar,  not  Orthoelase.) — H.  L. 

6 — Kacxam*  oooAnea  the  term  Orttnttmu  to  Dlabaie,  Brongniart  to  Diorite.  Jul 
Cotta,  and  othera  oae  it,  aa  a  general  rule,  for  all  basic  Plutonic  rucks  (the  Tnpp 
loeki  of  Juke*}.  To  which  claa  of  took  ia  it  beat  to  apply  it  ? — H.  L.  (AnivF 
6.  "Uie  'Grecnitonc'  as  ageneral  term  for  erecniah  trap-rocka;  and  do  Dots 
•  apecial  term  of  it."    T.  E.  J.) 

7 — Ltell,  in  hia  new  work  (The  Stadent'a  Elementa  of  Geology),  mention!  that ' 
recent  reeearchea  of  Vom  Sath  and  othera,  proTe  that  the  HiDenil  Tridymite.  wl 
ia  crratallized  Silica  of  ap.  gr.  23.  ia  of  common  occurrence  in  the  Voloanie  Bocl 
Heuco,  Auiergne,  tha  Ehine,  and  elaewhere,  although  hitherto  entirely  orerlooli 
Doe»  it  fTridymit*)  occur  oa  a  rock  eonatituent  in  theno  localitiea  or  aa  on  aecea* 
In  Trachyte,  for  ioatance,  does  it  replace  the  ordinary  quarti  it  may  contain,  ii  il 
Bociated  with  it,  or  does  it  merely  occur  in  druey  cavitiea,  and  muat  ita  apeciGc  gn 
be  aacertained,  that  ita  preacnce  may  be  detemmed  } — H.  L. 

S.— CoHCKlTioNaBT  structuTG  in  a  piece  of  plaater  on  the  intide  mllaof  an 
bouie  on  the  baoke  of  the  Enifi'  river,  Mayo,  Ireland.  To  what  ii  it  due }  1 
line  aeenu  to  be  an  og^egate  of  minute  crystala.  The  Unea  A  and  B  aeem  t 
thrinkage  fiasDrea  or  joints. — Q.  B.  E.     (What  ia  the  plaater  composed  of?    Ed 


k1  will,  Co.  Mifo,  Inland. 

For  Bock  nomenclature  "  Cotta's  Classification  of  Socks"  should  be  followet 
bate  no  other  work  at  prtunt  which  can  be  equalW  lecommeuded  to  etudenta. 
'        '        '"  aX  month. — 


ra  to  reat  of  queries  will  appear  ni 


—Edit.  Gnot.  Mao. 
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—Notes  ov  a  Visit  to  the  Boyal  Museum  of  Natural  Histobt 

AT   BBU88BU9,   WITH    SOME    AOOOUHT   OF  THE    "  MahmOTH  "    DI8- 
OOYEBED   AT  LlESBE,   AND   BEOON8TBU0TED   BY  M.   DUPONT. 

By  Hbvbt  Woodwabd,  P.G.S.,  FXS., 
of  the  Britiflh  Miueam. 

(PLATE  IV.) 

[AYING  had  the  good  fortune  to  visit  Brussels  in  Januazy  last,  I 
availed  myself  of  a  few  hours'  delay  to  pay  my  respeots  to 
•  K  Dupont,  the  Director,  and  M.  A.  de  Borre,  the  Seoretaiy,  of 
)  Museum  of  Natural  History  in  that  city,  by  whom  I  was  most 
cidly  received  and  introduced  to  M.  Henri  Nyst  (whose  descriptions 

the  Tertiary  formations  of  Belgium  and  their  invertebrate  fauna 
ve  rendered  his  name  ^miliar  to  almost  every  English  geologist). 
Through  the  kindness  of  these  gentlemen  I  was  enabled  to  see,  in 
rery  brief  space,  what  would  have  otherwise  taken  days  to  aocom- 
ifih. 

The  Natural  History  Museum,  which,  together  with  a  fine  Picture 
tilery  and  Library,  occupies  an  old  Ducal  palace,  has  already  out- 
own  its  exhibition  space  ;  but  a  grand  series  of  galleries  will 
ortly  be  completed,  capable  of  affording  ample  accommodation  for 
d  rich  collections  now  in  store. 

Among  so  many  interesting  objects  it  would  be  impossible  to  avoid 
fleeting  some  which  deserve  attention ;  before,  however,  speaking 

the  grand  palseontological  collections,  I  must  not  omit  to  observe 
^  the  Brussels  Museum  possesses  one  of  the  best  collections  of 
>epared  and  mounted  skeletons  of  living  Cetaceans  I  have  anywhere 
dn.  I  counted  upwards  of  twenty  examples  of  entire  whales,  etc., 
Ciluding  large  specimens  of  BcUcBna  myaticetw  and  Bcdwna  antiqua, 
ex,  etc. 

The  greater  part  of  the  Fossils  which  I  had  the  opportunity  to 
:amine  were  derived  from  the  Antwerp  Crag,  of  Pliocene  age ;  from 
«  Quaternary  Drifts  of  Lierre,  etc. ;  and  from  the  caverns  in  the 
irboniferous  Limestone  district  to  the  south  of  Belgium,  more 
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especially  those  in  the  neighbourhood  of  Dinant^  and  bordering  the 
Mense  and  its  tributaries,  explored  personally  by  M.  E.  Dapont 

The  Antwerp  Crag  has  long  been  known  and  its  InTertebraie 
Fauna  described  by  M.  Nyst  Beoently,  however,  the  extensiTe 
works  which  have  been  earned  out  for  the  enbizgement  of  the  fortifi- 
cations of  Antwerp  have  led  to  the  discovery  and  collection  of  vaat 
numbers  of  Corals,  Mollusks,  remains  of  Sharks,  Cetaceans,  eta^ 

The  Mollusca  are  being  woiked  out  by  M.  Nyst  and  Dr.  M. 
Mourlon,  the  Assistant-Naturalist  in  the  Boyal  Museum ;  they  pro- 
mise to  yield  a  very  magnificent  series  wh^  fully  catalogued  and 
arranged. 

In  the  basement  store-rooms  of  the  Museum  I  beheld  a  perfect 
hecatomb  of  the  remains  of  the  old  German  Ocean  Whales, 
enough,  if  ground  up  into  into  superphosphate,  to  have  manured  all 
the  farms  in  England  and  Belgium  put  together.  The  ear-bones  and 
TertebrsB  formed  the  most  striking  part  of  the  vast  series  of  remainB, 
the  former  especially  testifying  to  the  immense  number  of  indi- 
viduals represented. 

Viscount  du  Bus,  formerly  Director  of  the  Museum  (but  now  a 
Senator),  whose  place  is  so  ably  filled  by  the  present  Director,  IL 
Edouard  Dupont,  has,  we  understand,  been  engaged  for  some  time 
in  working  out  these  very  interesting  Cetacean  remains.*  He  has, 
we  understand,  already  arranged  the  bones  of  three  entire  skeletons, 
which  will  be  exhibited  in  due  course. 

The  SqualidsB  or  Sharks  were  well  represented  in  the  Antwerp 
Crag  period.  M.  Dupont  informed  me  they  had  in  the  Museum  not 
fewer  than  20,000  teeth  belonging  to  these  predacious  fishes. 

Early  in  1860,  in  digging  a  canal  at  Lierre,  in  the  province  of 
Antwerp,  the  workmen  employed  found  a  large  quantity  of  bones  of 
some  extinct  animal.  As  many  of  these  were  broken,  they  were  at 
first  unwilling  to  take  the  necessary  trouble  to  collect  Uiem,  but 
others  being  discovered  as  the  work  proceeded,  the  ground  was  more 
carefully  excavated,  and  all  the  pieces  of  bone  collected  together. 

Many  of  these  remains  proved  of  great  paleeontological  importanoe 
and  may  be  roughly  enumerated.'  They  consisted  of  four  hurge  and 
blackened  molar  teeth,  the  two  smaller  ones  being  worn  at  the 
crown,  and  having  from  15  to  20  plates.  The  two  larger  ones,  leas 
worn.  They  are  probably  the  2  second  and  2  third  molars  of  an 
adult  Elephas  primigenius  (Blum.).  With  these  were  found  two  tusks 
of  the  Mammoth,  and  a  vast  number  of  bones  probably  representing 
three  individuals.    The  skull,  as  is  usually  the  case,  was  represented 

^  For  a  description  of  the  Antwerp  Craff,  lee  Mr.  E.  Bay  Lankeater's  paper  "  Oa 
the  Crag  of  Antwerp,"  Gbol.  Mao.,  1865,  Vol.  II.,  pp.  103-6  and  149-62 ;  see  alit 
paper  hy  Dr.  A.  von  Eoenen,  **  On  the  Beldam  Tertiaries,*  Gbol.  Mao.,  1867,  Vol 
IV.,  pp.  601-507 ;  and  **  On  the  Eainozoic  Formations  of  Belgium,"  by  B.  A.  €• 
God  win- Austen,  Quart.  Joum.  Geol.  Soc.,  1866.,  yoI.  xxii.,  p.  228. 

'  See  also  the  published  memoirs  of  Prof,  van  Beneden,  of  LouTain,  Memdrfli 
de  r  Academic  Royalc  de  Bnuellcs. 

'  For  a  full  account  of  this  discoyery,  see  the  paper  by  M.  Francis  -Seoh^i 
** Bulletins  de  rAcad6mie  do  Belgique,"  series  ii.,  tome  ix.,  p.  436,  etc.  From  it 
these  notes  are  partly  deriTed. 
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bj  a  mass  of  fragments  and  debris.  With  the  Mammoth  were  found 
remains  of  Hyaena,  Horse,  Beindeer,  Bhinoceros  megarhinuSf  and 
Bison,  with  hom-oores  measuring  four  feet  along  the  curve  of  the  oores. 

To  M.  de  Koninck,  Professor  of  Palaeontology,  etc.,  in  the  Univer- 
aty  of  Li^  (one  of  the  highest  living  authorities  upon  the  fossils 
of  the  Carboniferous  formation),  was  deputed  the  task  of  superin*- 
tending  the  gathering  together  of  these  interesting  remains  for  the 
Mueum  of  the  State..  That  learned  savani,  having  examined  the 
lenudns  of  the  Mammoth,  arrived  at  the  conclusion  that  it  was 
poflsible  to  reconstruct  an  entire-  skeleton  therefrom.  This  opinion, 
bowever,  was  not  shared  by  Viscount  du  Bus,  then  Director  of  the 
Museum;  the  bones  were  therefore  allowed  to  remain  ignominiously 
bidden  away  in  the  basement  of  the  Museum. 

Upon  the-  appointment  of  M.  E.  Dupont  as  Director,  that  gentle- 
man, with  the  ardour  for  which  he  is  so  weU  characterized,  deter- 
mnied  to  signalize  his  entrance  into  office  by  carrying  into  effect  the 
long-forsaken  design^  of  restoring  the  skeleton  of  tiie  Mammoth  from 
liena  At  first  the  task  seemed  all  but  hopeless.  The  head  was 
broken  up  into  such  an  immense  quantity  of  small  fragments,  the 
noonstruotion  of  which  seemed  all  but  impossible;  but  the  per- 
lereranee  of  M.  Dupont — assisted  by  a  modeller  of  remarkable 
ngacity,  M.  Louis  Depauw — overcame  all  difficulties,  and  in 
(Mober,  1869,  the  restored  Mammoth  adorned  the  centre  of  one  of 
the  (Galleries  of  the  Museum,  surrounded  by  numerous  remains  of 
tiie  same  species,  a  remounted  but  very  incomplete  skeleton  of 
Bqahas  aiUiquus^  and  other  bones  from  the  Post-Tertiary  deposits 
which  the  fortifications  around  Antwerp  have  furnished  in  abundance. 

Hie  two  views  of  the  Belgian  Mammoth  in  the  accompanying 
Hate  IV.  are  reproductions  on  stone  by  Mr.  G.  R.  de  Wilde,  of 
photographs  (issued  by  permission  of  iJie  Director)  prepared  by 
k.  de  Blochonse-,  of  Brussels,  of  whom*  copies  may  be  obtained. 
Photographs  on^  a  large*  scale  have  also  been  prepared  for  distribu- 
tion to  the  principal  Museums  throughout  Europe. 

I  was  also  informed  by  M.  de  Borre  that  the  Brussels  Museum 
VIS  prepared  to  offer  casts  of  the  entire  skeleton  of  the  Mammoth 
to  any  Museum  having  sufficiently  valuable  duplicates  to  give  in 
exchange. 

The  figures  are  on  a  scale  of  one-fiftieth  of  the  natural  siae. 

The  actual  height  of  the  skeleton  to  the  shoulders  is  ... 

Length  of  the  tusks        ••• 

Length  of  the  femur       ...     • ., 

That  this  example  of  the  Mammoth  was  a  young  individual  is 
proved  by  the  epiphyses  of  the  extremities  of  the  humeri  and 
nmora,  which  remain  imperfectly  ossified.  The  broad  iliac  bones  of 
^  pelvis  are  exceedingly  large  and  prominent.  The  tusks  8Lre 
i&ore  Blender  and  less  recurved  than  are  those  of  our  British  Mam- 
itoth  from  Jlford.  (See  Gkologioal  Magazine,  Vol.  V.  1868, 
^  540,  PI.  XXn.  and  XXIII.)     In  the  Ilford  example  the  tusk  in 

M  in  the  socket  shows  eight  feet  eight  inches  (measured  alon^  t\i<6 

OQtier  curve) ;  whilst  that  wbioh  is  detached  shows  it  to  \>q  (^V^  ^iiciib 
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alveolar  end)  ten  feet  six  incbee  in  entire  length.     (See  Osolooigal 
Magazine,  1864,  Vol.  L,  p.  241,  with  a  figure  of  aknlL) 

There  are  two  molars  above  and  two  below,  tn  eil^  on  each  side. 

The  inter-alveolar  space  in  the  Belgian  specimen  is  very  wide, 
and  the  alveoli  diverge,  and  are  separated  along  the  median  line  for 
a  short  distance. 

When  the  photograph  was  taken  all  the  restored  parts  were  left 
white,  now  they  are  tinted,  but  one  sees  at  a  glance  each  part  thit 
has  been  modelled  or  restored. 

The  imperfect  skeleton  of  Elepkoi  antiguue  is  sufficient  to  demon- 
strate the  difference  in  stature  between  the  two  species. 

The  Mammoth,  eleven  feet  six  inches  in  height,  is,  nevertheleea, 
only  a  young  animal. 

The  E,  antiquua  is  an  aged  individual,  yet  its  height  is  only  ei^t 
feet  six  inches  or  nine  feet  The  tusks  are  small  and  slender,  and 
the  cuds  are  much  worn.  We  notice  in  this  specimen  the  same 
broad  inter-alveolar  space  as  in  the  Mammoth.  The  forehead  is 
very  high,  and  the  front  broad.  The  molar  teeth  are  broad  and  fiat, 
and  much  worn  down.     I  counted  eight  to  nine  platea  in  each. 

Tlie  remains  of  E.  antiquus  consist  of  the  skull  with  lower  jaw,  one 
cervical  vertebra,  nearly  aU  the  ribs,  the  pelvis,  and  one  hind-leg 
entire,  save  the  carpal  boues. 

The  immense  value  of  Uie  Belgian  Mammoth  will  be  the  better 
underBtood  when  it  is  borne  in  mind  that  the  only  other  equally 
perfect  skeleton  known  is  the  Siberian  example  preserved  at  Si 
rotorsburg,  of  which  no  correct  representation  has  as  yet  been 
published.* 

Should  Ilis  Imperial  Majesty  the  Czar  desire  to  express  that  com- 
plete cordiality  which  he  must  doubtless  now  feel  towards  the 
British  Government,  on  the  settlement  of  the  Black  Sea  question, 
he  could  not  show  it  in  a  more  pleasing  form  than  by  presenting 
the  National  Museum  with  the  skeleton  of  a  Siberian  Mammoth  to 
grace  the  Geological  Gallery  of  the  new  National  Museum  of 
Natural  llistory,  which  is  shortly  to  arise  at  South  Kensington. 

In  the  event  of  our  not  obtaining  a  Russian  Mammoth,  it  is  agree- 
able to  know  that  we  can  alwaj'^s  procure  a  plaster-cast  of  the  Belgian 
specimen  in  the  way  of  exchange. 

But  the  reconstruction  of  the  skeleton  of  Elephaa  primigenius  is  by 
no  means  all,  if  even  it  can  be  said  to  be  the  most  important,  of  M. 
Dupont's  labours.  Before  his  appointment  in  1865,  MM.  Dupont 
and  van  Beneden  were  appointed  to  superintend  the  exploration  of 
the  ossiferous  caverns  in  the  valley  of  the  Lcsse  (a  tributary  of  the 
Meuse),  and  elsewhere,  on  behalf  of  the  Belgian  Government  The 
brilliant  manner  in  which  this  work  was  done  has  been  already  told 
in  various  reports.* 

^  That  which  accompanies  Dr.  Tilesius's  paper,  printed  in  London  in  1819,  is  fiur 
from  correct.  See  the  remarks  in  my  paper,  already  quoted,  Geol.  Mao.,  1868, 
Vul.  v.,  p.  540,  PL  XXII.  and  XXIIl.  *'0n  the  Curvatarc  of  the  TiukB  in  the 
Mammoth." 

*  Hm  Gbol.  Mao.,  1866,  Vol.  III.,  p.  666,  et  ttq. 
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>  less  ihan  twenty-five  cayes  were  explored,  and  their  contents 
oed  t(^ther,  both  human  and  animal,  and  arranged  with  that 
uoy  and  precision,  both  as  to  locality  and  anatomical  details, 
1  characterize  all  M.  Dapont's  scientific  labours. 

iman  remains  and  thousands  of  fiint  implements,  the  greater 
of  the  skeleton  of  Felis  speUBa,  remains  of  FeUs  lynx,  Ursus 
us,  Ursus  prtseus,  Ursus  arctos,  Cervus  tarandus,  G,  Guettardi 
img  of  0.  tarandus),  Bhinoceros  ticharhtnus,  vast  numbers  of 
B,  and  numerous  other  animals, — these  specimens,  which  occu- 
leveral  years  in  collection,  are  now,  under  M.  Dupont's  direction, 
'  mounted  and  prepared  for  exhibition,  and  for  the  convenience 

>  man  of  science  and  the  comparative  anatomist 

ne  items  deserve  special  attention  : —  '*' 

Ursus  spelcBus  I  saw  twenty-two  skulls ;  an  entire  skeleton  of 

alt  individual ;  an  adult  cub  (three  feet  long) ;  a  sucking  cub ; 

istly,  a  foetus, — all  of  true  U.  spehBus. 

Dupont  has  made  some  interesting  observations  as  to  how  to 

guish  the  three  species  of  bears,  which  I  liave  tested  since  my 

1  by  typical  specimens  in  the  British  Museum,  and  found  his 

0  hold  good. 

asserts  that  out  of  the  long  series  of  remains  of  U,  speUcBus, 
le  possesses  a  false  molsu:  (=  premolar)  in  the  upper  jaw. 
9US  arctos  (found  in  the  Cavern  of  Chaleux)  has  only  one  false 
'  (=  p.m.*)  in  the  upper  jaw. 

ms  priscus  (the  true  species)  has  two  false  molars  (namely, 
n.'  and  p.m.*)  in  the  upper  jaw. 
18  last  is  asserted  by  Prof.  Busk  to  be  undistinguishable  from 

1  ferox} 

Dupont  also  observed  that  Z7.  spelceus  has  a  wider  zygomatic 
and  is  shorter  and  broader  than  Schmerling's  species, 
good  character  in  Z7.  spelceus  also  is  the  great  size  of  the  last 
*  true  molar,  which  in  this  species  is  one  and  a  half  times  as 
as  in  either  of  the  other  two. 

ypical  specimen  of  U,  arctos,  from  the  Manea  Fen,  Cambridge 
red  to  by  Prof.  Owen  in  his  "  British  Fossil  Mammals," 
>),  and  preserved  in  the  British  Museum,  has  the  one  p.m.* 
o  other.  An  Irish  specimen  from  King's  County  and  the  cast 
)ther  from  the  County  of  Longford,  stated  to  belong  to  the  true 
c/o«,  agree  exactly  in  all  their  proportions  with  the  type  speci- 
of  Goldfuss's  Ursus  priscus  (from  Soemmering's  collection), 
the  Cavern  of  Gailenreuth;  they,  moreover,  have  the  two  false 
•s  (p.m.*  and  p.m.*).  As  it  is  decided  by  Prof.  Busk,  who  has 
so  much  careful  study  to  the  Ursine  species,  that  U,  priscus  is 
tinguishable  from  U.  ferox,  it  seems  most  reasonable  to  con- 
that  these  Irish  skulls  belonged  to  the  grisly  bear  of  Northern 
[>e,  and  not  to  the  Ursus  arctos  at  all. 

e  abstract  of  Prof.  Busk's  paper,  Quart.  Joum.  Geol.  Soc,  1867,  vol.  zxiii.,  p. 
nd  Geol.  Mao  ,  1867,  Vol.  IV.,  p.-  418.  It  is  much  to  be  regretted  that  this 
ant  paper  has  not  yet  appeared  in  full,  as  it  contained  much  yaluable  information, 
IS  the  result  of  long  and  care/ui  study  of  the  Bears. 
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I  cannot  conclade  thefle  brief  and  aomowhat  deaultoiy  remiita 
without  expressing  my  deep  indebtedneaa  to  MM.  A.  do  Bon^ 
Dupont,  and  Nyst,  for  Uie  very  kind  attention  they  showed  me  wlitt 
in  i3russels,  and  the  hope  that  it  may  soon  be  my  good  fortune  agiii 
to  visit  their  most  attnu^tive  and  hospitable  capitaL 


IT. — On  the  Chalk  •of  thb  Cliffs  wr^u  Sxafobd  to  EASTBOUBn> 

Sussex. 

By  William  Whitakbr,  B.  A.  (Lond.),  of  the  Geological  Snrrej  of  Engliod. 
(A  Paper  read  before  the  Geological  Soeiety  of  London,  December  1, 1870.) 

JUST  out  of  Seaford  the  Chalk  rises  sharply  from  beneath  the  sand 
of  t)ie  Woolwich  Beds,  on  an  outlier  of  which  the  small  town 
is  built.  The  dip  however  soon  lessens,  until  the  Chalk  is  flat,  witli 
slight  waves.  Some  of  the  layers  "of  flint  are  continuous,  and  some 
nearly  so,  but  most  are  not  continuous,  and  they  are  rather  closer 
tog(;ther  in  the  lower  part  of  the  cliff.  There  are  a  few  thin  beds  of 
hard  chalk,  and  at  the  top  a  capping  of  "  clay-with-flints." 

This  thick  mass  of  **  Chalk- with-flints"  (1  of  the  figure)  oocors 
again  on  the  other  side  of  Cuckmere  Haven,  and  thence  forms  the 
whole  of  the  cliff  (except  for  the  flinty  soil  at  top  and  for  the  rubble 
in  the  hollows)  almost  to  Boachy  Head.  The  beds  are  flat  as  flEur  a0 
tlio  Lighthouse,  when  they  rise  slightly  eastward ;  and  just  before 
getting  to  the  Head  this  uppermost  division  passes  downwards  into 
ch/ilk,  with  layers  of  flints,  and  with  cream-coloured  nodular  layers 
that  weather  to  a  rough  surface  (2). 

I'hcn,  from  the  increase  of  the  westwardly  dip,  still  lower  beds, 
without  flints,  crop  up  eastwards;  firstly  a  bed  with  nodular  layers, 
as  in  the  division  above,  which  weather  rough  and  give  the  whole  a 
darker  colour  (3) ;  and  then  thick-bedded  massive  cha}k  (4).  All 
of  the  a]>ovo  four  divisions  occur  at  Beachy  Head. 

After  rounding  the  first  point  of  the  Head,  there  are,  above  the 
Chalk-with-flints,  at  the  highest  parts  (south-west  of  the  "  signal" 
on  the  map)  pipes  of  olay-with-flints  and  a  little  red  sand,  which 
last  may  perhaps  be  the  same  as  the  Iron-sands  of  the  North  Downs 
referred  to  the  Crag  by  Mr.  Prestwich.*  At  the  bottom  of  the  cliff 
there  rises  up  a  mass  of  bedded  chalk  (5),  in  which  there  is  a  bed  of 
pale  bluisli-grey  marl,  here  indeed  divided  into  two,  and  altogether 
fifteen  feet  thick ;  but  which  at  Holywell  House,  on  the  north-east, 
is  undivided  and  only  three  or  four  feet  thick ;  whilst  just  above  there 
are  other  marly  beds,  giving  the  whole  a  darker  colour  (at  the  lime- 
kiln at  the  foot  of  the  cliff). 

At  the  second  point  of  the  Head  (south-east  of  the  word  "  signal" 
on  the  Ordnance  Ma^)  the  Chalk  Marl  (6)  crops  up  from  below ; 
and  on  rouTiding  the  point  is  succeeded  by  the  green-grey  sandstone 
of  the  Upper  Greensand,  which  is  but  little  shown  however,  as  there 
is  a  small  under-cliff,  and  as  the  dip  changes  and  the  beds  fall 
"  wards  for  some  way,  until  the  Chalk  Marl  also  is  hidden  (about 
^  Quart.  Joum.  QeoU  8oc.  yoL  xIt.  p.  322. 
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«Mt  of  the  2  of  "sigiud'*  on  die  Map),  and  the  bottom  of  tbe  ( 
U  ill  the  diyision  Ka  5. 

Tha  dip  lessens,  and  soon  the  beds  are  flat.  There  are  springi 
tbd  foot  of  the  cUff^  thrown  oat  \>j  the  marly  bed  in  No.  5 ;  i 
No.  4  ends  off  at  the  top  of  the  din  about  half  a  mile  soathwan 
lliklvwell. 

YviMa  HoljweU  there  is  a  slight  south-westerly  dip,  so  that 
kiwar  beds  again  rise :  and  as  the  le^el  of  the  ground  f&lls  nos 
iMMttwArd  No.  5  ends  off  about  a  quarter  of  a  mile  before  gettm^ 
the  Martello  Tower,  and  ihet«  is  thai  nothing  but  the  Chalk  1 
foiily  50  or  60  feet  thick?)  aboTB  the  Upper  Grreensand.  ' 
fomior  is  hard  at  the  bottom,  and  markedly  bedded ;  the  latter  c 
•istii  of  green-grey  and  grey  sandstone,  ooaraely  bedded,  with  brc 
and  green  nodules  in  the  top  part,  and  is  not  TOiy  distinctly  sepan 
ttom  the  former. 

Just  beyond  the  Tower  the  Gault  crops  out:  it  is  a  light-g 
sandy  clay,  calcareous  at  top,  and  diying  hard ;  but  oxdy  eSout 
fuot  of  it  are  shown. 

On  comparing  this  section  with  that  of  the  Kentish  difi,  so  ^ 
recorded  by  Mr.  W.  Phillips,'  there  serais  to  be  a  good  deal  of  dil 
enco  between  the  two  chalk-coasts,  as  may  be  seen  from  the  follow 
'liable,  in  which  the  divisions  of  the  chalk  in  the  two  are  oorrelai 
as  nearly  as  the  evidence  allows,  thou^  without  certainty : — 

Kmiiak  Cotut.  Smaes  ComH. 

Msrf^  chalk,  with  few  flints.' 

/ii  .iir  wt*ii  ( Chalk,  with  few  orgamic  remains...      1.  Chalk,  with  flints. 

Diany  flinto   )  ^^^^^  ^^  "^^  orguac  remains    )  2.  Chalk,  wit*-  ^•-*-  - 

^  '  (     (roo^^ )  layers. 

Chalk,  with  few  flints     t  Ahsent. 

{Chalk  with  man  J  oiganic  remains  \    8.  Chalk,  withont  flints,  hut 
(rough)  ^ j  nodnlar  layers. 

Chalk,  with  few  omnic  remains  ...  4.  MassiTe  chalk,  without  fl 
Absent,  or  included  in  the  next  below  6.  Bedded  chalk,  without  fl 
Grey  Chalk  (or  Chalk  Marl) 6.  Chalk  MarL 

PrMwibly  the  highest  division  of  the  Kentish  Chalk  may  be 
retiresented  in  the  Sussex  section,  and  perhaps  also  the  fifth  divic 
of  the  latter  m^  be  the  equivalent  of  the  upper  part  of  the  "  G 
Ohalk  "  of  Mr.  rhillips,  which  may  include  more  than  the  ''  Ch 
MarL"  

HL — DSKUDATION   OF  THE  COALBBOOK-DALB  GoAL-FIBLD. 

By  Danisl  Jonbs,  F.G.S. 
(PLATE  V.) 

ALTHOUGH  the  Goalbrook-dale  Goal-field  has  received  a  la 
share  of  the  attention  of  geologists,  the  progress  of  min 
operations  reveals  new  facts  from  time  to  time,  enabling  us  to  ezp] 
away  some  of  the  difficulties  which  have  beset  earlier  writers. 

I  Trana.  Oeol.  Soo.  ser.  i  toI.  t.  p.  16. 

•  Not  noticed  by  PhiUins,  as  it  does  not  .occur  <m  th$  coast  he  described. 

— *""■ GsoL  Soo.  TcuL  zxL  p.  895. 
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One,  of  the  principal  features  pointed  ont  by  Sir  R  Marchison, 
But/  and  J.  F^twich,  Esq.,  F.K.S.,'  is  the  want  of  persistency 
a  tba  strata  and  Coal-seams.  In  the  references  which  I  am 
iboat  to  make  to  the  works  of  authors  on  this  Coal-field,  I  am 
tesirons  of  saying  that  I  do  not  wish  to  recall  opinions  expressed 
nne  thirty  or  forty  years  since,  with  the  object  of  showing  that 
ley  were  incorrect,  but  merely  to  lay  before  the  reader  the  state 
f  knowledge  upon  the  subject  previous  to  the  true  explanation  of 
)6  nature  of  the  Symon  fault  made  by  Mr.  Marcus  Scott,'  and  by 
hich  alone  I  am  able  to  offer  the  present  interpretation  of  those 
ifficulties  which  I  have  referred  to. 

When  Mr.  Prestwich  gave  his  paper  to  the  world  in  1836,  the 
lie  nature  of  the  Symon  fault  had  not  been  explained.  It  was  to 
im,  as  to  many  others  since  he  wrote,  a  very  great  puzzle,  but  now 
I  explanation  serves  not  only  to  elucidate  the  phenomena  along  the 
tttem  boundary  of  the  Coal-field,  but  also  to  account  for  the  great 
ifference  between  the  strata  of  the  northern  and  southern  portions. 
fc  will  be  shown  that  the  southern  portion  has  been  largely  denuded, 
od  subsequently  laid  over  with  Coal-measures  of  a  younger  age,  and 
msequently  that  the  Carboniferous  deposits  are  not  uniform  or 
enistent.  Thus  the  observation,  **  that  from  the  care  with  which 
[r.  Anstice  has  had  the  sections  of  the  pits  at  Madeley  taken,  they 
lord  the  most  correct  information  of  the  number  of  strata  and  of 
>6  total  thickness  of  the  Coal-measures"  in  this  Coal-field,  is  not 
tpported.  The  details  from  which  the  following  summaries  have 
^  deduced  were  in  peurt  supplied  by  that  gentleman : — 

Depth.  No.  of  strata. 

Madeley  Meadow  Pits 760  feet  134* 

Hills-lane   714    „  108 

Now  I  would  observe  that  the  first  of  the  older  series  of  Coal-seams 
the  Meadow  Pits  is  the  Bider  Coal  (so  called),  which,  however,  is 
e  same  as  the  Double  Coal  of  the  other  portions  of  the  field ;  and 
consider  No.  67  of  that  section,  described  as  "light  rock  fhll  of 
bbles,  green,  blue,  and  red  hard,"  to  be  the  point  of  division  be- 
^een  the  upper  and  lower,  otherwise  younger  and  older,  series,  or 
e  line  of  abrasion  of  the  older  Coal-measures.  If  I  am  right,  then 
ere  are  only  65  strata  which  belong  to  the  older  Coal-measures 
that  section.  The  Hills-lane  section  shows  no  Big  Flint  Coal ; 
d  I  consider  No.  76,  called  '*  Bottom  Coal  Flint,"  is  the  first  re- 
g^nizable  older  stratum,  and,  consequently,  there  are  only  in  that 
otion  33  strata  belonging  to  the  lower  Coal-measures.  So  that 
adeley  is  not  a  locality  in  which  the  Coal-measures  of  the  Coal- 
ook-cUde  Coal-field  are  at  all  well  represented.    We  are  given  a 

&  Ifurchiflon's  Silurian  System,  1839,  4to.  p.  86,  eto. 

*  Prestwich,  Trans.  Oeol.  Soc.  London,  1840,  2od  ser.  vol.  v.  p.  413. 
'  Qnart  Joom.  Oeol.  Society.  1861,  vol.  xvii.  p.  457. 

*  Preitwich  on  the  Geology  of  Coalbrook-dale,  GeoL  Trans.,  toI.  t. 
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table  ahowinff  the  nmnber  of  alaDiilft  pMMdiiiroiii^  andttik 

thidmeaa  aa  Idlowa : — 

DhUl  la.  if 

lightmoor ^ ASObet  46 

Dawley  460    „  68 

Halinalee  ^...  660    „  61 

Wombridge 640    „  70 

New  EbSbs^ 440    .^  6T         * 

Donington  Wood  ••••••••••••••••••  660    f^  60 

To  whioh  is  added  the  fbllowiag  mA»'^*Tb^vdnttbnmah'9tnkm 
in  these  seotions  not  being  generally  gim  aa  ffaaj  aiie  at  Madthfi 
will  aooonnt  for  the  dispiopOTtion  between  tha  ftkfcnaaa  and 
of  the  strata,  and  in  one  atnloni  at  one  pit  naj  be  iiiciiidaci 
of  an  adjoining  pit"  Thia  may  be  the  oaae;  bntl  would  ciMtvi 
that  in  the  sections  giTen  a  mndi  laiger  propoitioBt  of  •  didar  Ooab 
measures  are  met  widi  than  at  Madel^,  mdoii  uieaanpaa  jnaanDj 
have  strata  of  greater  thidkneas  liian  tte  upper  aeiiea.  The  Viof 
gons  Goal  is  the  faigfaeet  of  the  older  Goal-aeama  in  ihb  diatrifl^  and 
the  Chance  Pennystone  the  hi^^est  workable  iranatone  of  tiia  oldv 
strata.  From  the  soi&oe  to  t^  Ohanoe  Peimyatoae  at  Hew  Hadlflj 
is  109  feet,  about  80  £Bet  of  which  ia  allOTiam.  and  deaoribed  as 
«<  wild  red  ground/'  At  Hills-lane  I  oonsider  that  tiio  iriMda  of  tta 
strata  from  the  Ohanoe  Pennyatone  to  llie  Ptomy^meaanpaa  prapv 
have  been  removed  by  denudation,  and  Ihe  apaoe  haa  bean  aboa 
filled  up  with  Goal-measure  of  the  younger  age^  whkh  ouiiaislB  of 
much  thinner  strata,  and  this  aooounte  Ibr  the  minh  gieatag  nnaiber 
of  strata  in  the  southern  portion.  The  gedlogioal  horiion  fbr  Iheae 
younger  Coal-measures  is  of  course  above  the  dhaaoe  Pennyatone. 
The  persistency  of  the  Clod  Coel  is  remarked  upon:  ihia  ia  due  to 
the  fact  that  being  low  in  the  series  it  escaped  to  a  floeater  extent 
the  denudation  wluch  overtook  the  hisher  strata.  ''If  it  were  not 
for  the  Penuystone,  Clod  Coal,  BestOoid,  and  one  or  two  more  bedSk 
which  serve  as  landmarks  throughout  the  whole  Ooal-fidd,**  ai^  Mr. 
Prestwich,  *'  it  would  be  difficult  to  reoogniae  the  oonnerion  between 
the  Donington  district  and  the  Malinalee,  or  between  the  MftlinJee 
and  the  Madeley  or  the  Broseley.  The  differenoe  between  the  Amiea 
and  Doniugton  sections  is  still  more  striking,  and  placed  aide  b^  aide 
they  appear  totally  distinct"  This  is  not  surprising^  seeing  tibat  at 
Amies  only  7^  feet  of  older  Coal-measures  exists  instead  of  about  884 
feet,  as  at  Donington.  *'  It  is  singdar  to  observe  the  groat  and  i^id 
variations  in  the  importance  and  lithologioal  oharaoter  of  the  laiger 
portion  of  the  strata  composing  these  Ooal-measozes.  One  stratum 
will  gradually  disappear,  whikt  a  thin  one  will  rapidly  aoquira  a 
thickness  of  several  feet,  and  will  again  frequently  wedge  out"* 
« The  Chance  Pennyatone,  which  is  8  fdet  thick  ^  Won£idge^  is 
unknown  at  Malinslee."  By  reference  to  the  map  it  will  be  aeen 
that  it  has  been  denuded  from  the  Malinslee  district 

Mr.  Prestwich  points  to  the  phenomena  of  the  Symon  firalt  in  the 
neighbourhood  of  Malinslee,  but  it  remained  for  Ifr.  Soott  to  point 
out  that  it  was  caused  by  the  denudation  of  the  older  Goal-; 
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Tk  sune  author  was  astonislied  to  find  that  a  Limestone  (Spirorhis 
Idmestone)  was  in  the  sonthem  portion  of  the  Coalfield  only  170  feet 
ibore  the  base  of  the  Coal-measures,  and  suggests  as  an  explanation 
attt  about  firoseley  the  formation  was  apparently  littoral,  and  says, 
"the  connexion  of  the  strata  between  this  locality  and  those  where 
marine  remains'  occur  is  not  clearly  ascertuned,"  for  he  had  not 
been  able  distinctly  to  detect  the  band  of  limestone  on  the  north  side 
of  the  Severn.  He  further  says,  "  Nevertheless,  by  tracing  the  pro- 
longation of  the  bed  by  means  of  a  few  of  the  associated  strata,  its 
equivalents  in  other  parts  of  the  Coal-field  may  be  approximated  to. 
Aooordingly,  at  New  Hadley  and  Wombridge,  the  place  which  the 
freshwater  stratum  would  hold,  may  be  somewhere  about  that 
oooupied  by  the  marine  deposit  of  Chance  Pennystone."  Now,  con- 
nectuig  this  with  the  observation  about  littond  deposits,  I  suppose 
be  meant  that  a  change  of  character,  from  freshwater  to  strictly 
miine,  took  place  in  the  stratum  as  it  passed  from  the  shore,  where 
lirers  may  have  flowed  in,  to  the  deep  sea,  where  only  marine 
•nimals  could  exist.  The  Spirorbis  Limestone  is  now  known  to  be 
of  marine  origin ;  and,  again,  its  geological  position  would  be  many 
yards  above  the  Chance  Pennystone.  At  Hemans  Pit  this  Limestone 
Ib  105  feet  above  the  Pennystone,  whereas  at  Lodgewood  we  have 
Qiance  Pennystone  283  feet  above  the  Main  Pennystone,  the  Spirorbis 
Limestone  holding  a  still  higher  position  than  the  Chance  Penny- 
itone.  If  Mr.  Prestwich  could  rewrite  his  most  valuable  paper — the 
text-book  of  all  students  of  the  geology  of  that  district — with  such 
ooirections  and  additions  as  the  evidence  gleaned  since  he  wrote 
Would  make  desirable,  it  would  confer  a  great  benefit  upon  those 
who  take  his  paper  of  1836  as  thjBir  guide.  Indeed,  it  is  the  standsurd 
work  on  the  subject,  and  should  be  corrected  and  brought  down  to 
the  present  time. 

At  page  435  a  table  is  given  of  the  thickness  of  Coal  contained 
in  the  ground,  and  showing  the  number  of  beds  into  which  it  is 
divided,  with  this  remark — "  In  these  localities  the  productive  Coal- 
measures  are  fully  developed,  and  consequently  ^e  difference  of 
total  thickness  does  not  arise  from  the  cropping  out  at  one  place  of 
beds  which  exist  at  anotlier."  Now  it  is  this  view  which  I  hope  in 
this  paper  to  controvert,  for  I  maintain  that  the  upper  strata  have 
been  entirely  denuded  from  the  southern  portion  of  the  Coal-field  by 
the  same  denuding  force  as  produced  the  Symon  fault  described  by  Mr. 
Ifarcus  Scott  (Journal  of  tiie  Geological  Society,  1861,  vol.  xvii.,-p. 
t57).  Mr.  Prestwich  remarks, ' '  The  Ironstones  thin  out  in  their  range 
southward  in  descending  order;  thus  the  Chance  Pennystone  first 
lisappears,  then  the  Blackstone,  and  others  after ;  so  that  at  Broseley 
we  find  only  the  Pennystone  and  the  Crawstone,  and  to  the  south  of 
Broseley  the  Crawstone  by  itself."  The  same  remark  holds  good 
with  the  coals,  and  the  reason  why  they  are  not  observed  to  crop 
3ut  is,  that  over  the  denuded  older  strata  newer  strata  were  laid,  and 
severed  up  the  denuded  edges  of  the  coal. 
In  the  Dilurian  System  of  Sir  B.  Murchison  we  find  the  Hills-lane 

^  The  limestone  was  at  that  time  supposed  to  be  of  freshwater  origin. 
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Section  given  as  ''  an  instrnctiYe  example  of  the  snooeasion  in  om 
spot  where  the  strata  are  pretty  folly  developed.'*  This  is  nottliB 
case,  as  there  are  wanting  **  The  Big  Flint,"  "  Yard  CoaL"  ''  DouUe 
Coal,"  "  Three  Quarter  Coal,"  "  Top  Coal,"  "  Gur  C<»1,"  "  Stone 
Coal,"  "Foot  Coal,"  and  "Fungous  Coal,"  all  of  which  have  been 
denuded.  Most  of  the  other  remarks  on  this  question  in  "Hm 
Silurian  System"  appear  to  be  derived  from  Mr.  Prestwich's  paper. 

Now  if  we  examine  the  various  pit  sections,  commencing  in  the 
north  and  proceeding  southwards,  we  shall  find  there  has  been  § 
denudation  of  the  older  Coed-measures  of  precisely  the  same  charaotar 
as  that  shown  to  have  taken  place  along  the  eastern  boundary,  and 
known  as  the  Symon  fault  For  the  purpose  of  showing  my  viewi 
upon  a  small  map,  and  to  avoid  the  confusion  which  would  arise 
{ix)m  having  a  vast  number  of  lines  drawn  over  the  map,  even  if  it 
were  possible  to  got  the  exact  data  requisite  to  enable  me  to  plot 
them,  I  have  grouped  the  seams  as  they  occur  in  a  vertical  position, 
distinguishing  each  group  by  a  distinct  kind  of  line,  thus — 

1.  Chance  Pennystone.        |  \ 
Fungous  and  Gur  Coal.  )  i         See 

2.  Top  Coal  to  Yard  Coal.  >  Explanation 

3.  Big  Flint  Coal,  Pennystone,  and  Sulphur  CoaL  I  on  Plate  V. 

4.  Best  Handle  Clod  and  Little  Flint  / 

At  the  end  a  list  is  given  of  sections  grouped  according  to  the  seami 
which  they  contain.  We,  may  thus  draw  lines  which  will  approxi- 
mately show  the  margin  or  denuded  edge  of  the  vertical  groups. 

I  liavo  been  at  some  trouble  in  ascertaining  whether  the  denuda- 
tion took  place  before  or  after  the  dislocations ;  because,  if  before, 
then  my  lines  would  be  a  nearer  approximation  to  the  condition  d 
tilings ;  but  if  after,  then  the  denuded  edges  would  be  thrown  for- 
ward or  recede  according  to  the  "  down-throws"  or  "  up-throws." 
Mr.  Marcus  Scott  and  Mr.  Parton  have  given  me  data,  ftx)m  which  i1 
appears  quite  certain  that  the  denudation  took  place  long  before  the 
dislocations.  Tlie  Calaminker  (a  mottled  clay  of  the  upper  Coal- 
measures,  lining  tlie  valley  of  denudation,  called  the  "  Symon  fault") 
and  Upper  Strata,  whicli  were  deposited  after  the  denudation,  are  in< 
fluenced  by  the  dislocations,  which  must  have  occurred  neoessazil} 
even  still  later.  ^ 

I  have  before  said,  the  highest  workable  stratum  of  what  are  callec 

the  lower  or  productive  Coal-measures  is  the  Chance  Pennystone 

We  find  it  in  the  Donington  Wood  Colliery,  and  as  far  east  as  ihi 

Granville  Pit     It  is  not  found  south  of  a  line  drawn  from  Eedej 

to  a  little  south  of  Snedshill  {vide  Plate  Y.).      Between  Sneds 

hill  and  Prior's  Lee  its  boundary  proceeds  northwards,  to  join  th( 

stratum  near  Granville  Pit.     The  Fungous  Coal  being  about  50  fee* 

below  the  Chance  Pennystone,  and  consequently  a  little  more  pro 

tected  from  denudation,  it  ranges  a  little  outside  of  the  margin  o' 

^  In  this  I  find  my  views  At  yariance  with  those  of  Mr.  Randall,  expressed  in  his  I8tl 
letter  to  the  Mining  Journals  where  he  saTS,  **  The  whole  of  the  CMd-strata  foimd  ii 
the  Halesfield  Fits  of  the  Madeley  Wood  Company  was  saved  from  denudation  b^ 
the  mere  fact  of  its  having  been  let  down  by  faults  below  the  same  strata  whid 
■offered  from  denudation  in  the  neighbouring  field  of  Stirchley,"  etc 
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As  Chanoe  PezinyBtone.  Mr.  Preiitwioh  seemed  to  think  that  the 
JMton  why  the  Chanoe  Pennystone  was  not  known  in  the  southern 
Mrt  of  the  Coal-field  was  that  the  nature  of  the  stratum  had  changed 
m  its  extension  southward.  But  this  is  not  so,  as  hoth  it  and  the 
Fbngous  Coal  are  entirely  absent.  Mr.  Randall,  who  recently  con- 
tributed a  series  of  letters  to  the  Mining  Journal  on  the  Shropshire 
Goal-field,  speaking  of  the  Chance  Pennystone  (vide  Letter  No.  7), 
Mjs,  "This  ironstone,  as  the  name  implies,  has  always  been  found 
to  be  irregular  and  imoertain ;  it  was  confined  to  the  south  of  the 
Goal-field,  like  the  others  already  described  in  this  article,  and  is  now, 
we  believe,  entirely  exhausted."  The  word  ''south"  should  haye 
been  "  nortli,"  as  Mr.  Bandall  has  explained  to  me. 

From  60  to  80  feet  below  the  Our  Coal,  we  have  the  Top  Coal,  a 
Mm  having  a  much  wider  range  to  the  south  than  any  of  those 
pnviuusly  mentioned.  We  have  it  in  the  Granville  Pit,  which  I 
may  remark  by  the  way  is  the  only  pit  shaft  in  which  a  regular 
nquence  from  the  lower  Coal-measures  into  the  upper  is  traceable, 
and  is  consequently  the  most  typical  of  the  original  Coal-field ;  all 
fa  other  shafts  give  evidence  of  subsequent  change  by  denudation. 
Ih  Top  Coal  is  wanting  in  the  Stafford  Pit  As  the  Three  Quarter 
^}  lying  A  few  feet  below,  is  found  in  that  shaft,  the  denuded  edge 
dthe  Top  Coal  cannot  be  far  to  the  west  of  the  shaft.  It  then  falls 
biok  to  within  a  short  distance  east  of  the  Puddley  Hill  Pit  and 
lingley,  then  passing  to  the  east  as  far  as  the  new  pit  at  Eemberton, 
it  is  there  found  to  exhibit  signs  of  denudation.  -Following  an 
inegular  line,  somewhere  between  Madeley  Court  and  the  Meadow 
Pit  at  Madeley,  it  runs  northward  towards  Great  Dawley  and  east  of 
Lawley,  and  is  lost  a  little  south  of  Eetley,  against  the  western 
JKmndary  fault  It  does  not  occur  in  the  Madeley  Meadow  Pit,  and 
ii  not  met  with  in  any  portion  of  the  field  to  the  south  of  that  shaft. 
It  will  not  be  necessary  to  trace  the  boundary  of  the  Three  Quarter, 
ponble,  and  Yard  Coals ;  it  is  sufficient  to  say  that  they  are  cut  off 
in  succession  by  the  same  process  of  denudation  one  after  another. 

We  will  now  trace  out  the  denudation  of  another  zone  shown 
on  the  map  (Plate  Y.),  which  will  include  approximately  the  Big 
Flint  Coal,  Pennystone,  and  Sulphur  Coal.  These  strata  are  found 
tt  far  south  as  Broseley.  Their  boundary  passes  a  little  north  of 
Amies ;  it  then  passes  eastward  for  some  distance  near  Kemberton, 
and  eventually  northward  in  a  line  of  the  same  character  as  that  in 
the  Top  Coal,  more  or  less  parallel  to  it.  The  Clod  Handle  and 
Little  Flint  Coals  behave  in  the  same  manner  to  the  south,  and 
eventually  the  base  of  the  Coal-measures,  Silurian  Limestone,  is 
met  with,  and  there  is  an  end  of  the  productive  Coal-measures. 
Coal-measures  are  met  with  still  further  south  for  many  miles,  but 
they  are  all  upper  Coal-measures,  except  at  Harcott,  where  a  patch 
of  the  older  Coal-measures,  like  that  at  Shirlot,  is  met  with  beneath 
the  younger  fonnation.  I  believe  I  am  the  first  to  point  this  out ; 
and  I  may  go  further  by  saying  that  I  have  established,  to  my  own 
aatisfaction  at  least,  the  co-relation  between  the  patch  at  Harcott  and 
those  on  the  two  Clee  Hills ;  but  this  is  not  the  place  to  enter  into 
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this  Riihjcct.  except  for  the  pnrpOBe  of  showing  that  the  Coftl-fidd  tt 
Coftlbrook-dale  once  extended  fiir  to  the  sonth,  bat  wu  &flerwaidi 
cut  away  b;  denudation  to  its  present  limits. 

Tiiking  this  view  of  the  matter,  we  con  now  resdily  imdenlud 
how  it  is  that  the  Spirorbis  Limestone  of  the  upper  Coal-meanini  ■ 
found  in  tbe  south  of  the  field  at  170  feet  above  the  base  of  the  oldir 
Coal-measures.  The  greatef  part  of  those  older  strata  luTe  Imb 
WAshcd  away,  and  the  younger  Coal-measures,  with  the  SpiniUa 
LinicHtone,  have  been  subsequently  deposited  upon  the  remainingn* 
duced  thiclcness  of  the  old  strata.  When  therefore  Mr,  Prestwidi 
gives  the  total  thickness  of  tbe  Ooal-measures  of  this  field  at  750  fertt 
as  itliown  in  the  iladeley  Ueadow  Pit,  it  should  be  added  thitl 
middle  slice  of  about  250  feet  is  wanting  in  that  shaft.  Thus  it 
ajipears  that  the  denudation  did  not  affect  lii»  eastern  boundary,  onlf 
pruilucin;;  what  is  now  known  as  the  Synion  fault  of  Hr.  Haica 
Scott ;  but  it  afi'ected  the  whole  of  the  southern  part  of  the  Coal-field 
from  a  line  drawn  between  Ketley  and  Prior's  Lee.  The  plan,  with 
its  lines  of  denudation  shown  at  several  vertical  ranges,  is  only  given  to 
ilhiKtrnto  niy  view,  and  those  lines  must  only  be  taken  as  approximila 

'llitrc  is  one  moro  point  to  which  I  must  advert.  Mr.  Bandall 
snvH,  in  his  ninth  letter  to  the  3fiKtN^  Journal,  "  The  valley  of  denods- 
tion.  hiiwevLT,  docs  not  appear  to  have  been  filled  up  by  these  youngtr 
members  of  the  Gonl-moaMire  serieB,  hence  the  Permains  come  np sod 
ovei')i<{i  the  whole  along  an  undulating  line  running  north  and  south 
jmrallul  with  that  of  the  Synion  faulL"  And  again,  "  It  is  remsrk- 
ftlily  inatnittive  as  regards  the  nature  of  this  fault  that  Just  on  the 
line  wlicrc  the  Coal-soaraB  terminate  the  Permians  make  tlieir  appear- 
ance, nijiidly  increasing  in  thickness  as  one  after  tlie  other  of  the 
former  disiipjiear."  (I-etter  ix.)  llie  followii^  sectioa  would  repre- 
sent what  Mr.  Itandall  means : — 


Fio.  I-  Valley  of  DpDudtttion,  accerdin;  to  Mr.  Randsll, 


}.  Older  Coi>1-«[ 


Now  tho  fact  is  that  the  younger  Coal-mcasureH  not  only  fill  uj 
the  eroded  vuUey,  but  overlap  the  older  Coal-me«surea,  and  thi 
Permian  overlie  the  younger  forniatioii,  thus — 

FiQ.  2.  Actual  ValUj  of  DcDudstbn  Cool-Mrasum. 
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Indeed,  the  younger  Coal-measares  not  only  fill  up  the  vaonily 
aond  ooYer  over  portLons  of  the  older  strata,  but  range  over  a  large 
area  to  the  south,  as  far  as  the  Abberley  Hills,  in  some  plaoes  being 
not  less  than  1100  feet  thiok,  as  shown  by  the  sinking  at  Shatterford. 
I  wish  it  to  be  dearly  understood  that  the  denudation  to  which  I 
itfer  in  this  paper  is  that  whioh  took  place  previous  to  the  deposit  of 
tbe  younger  Coal-measures.     This  does  not  account  for  the  exact 
oondition  of  things  in  those  parts  of  the  Coal-field  in  which  the  younger 
Coal-measures  are  absent,  as  at  the  Hatch  and  Steeraway,  where  we 
find  isolated  patches  of  the  lower  coals.     Several  periods  of  after 
denudation  may  have  caused  this,  and  in  the  same  way  have  reduced  the 
utches  at  Combrook  and  Brown  Clee  from  what  they  were  as  left 
,   by  the  denudation  in  question.     It  is  probable  that  the  Comebrook, 
uee  HiU,  and  Shirlot  districts  stood  above  the  level  at  which  the 
pmger  coals  are  formed.    We  find  no  older  Coal-measures  under- 
hingthe  Carboniferous  patch,  at  Cleobury  Mortimer,  for  instance,  and 
wm  the  elevated  strata  have  been  exposed  to  all  subsequent  denuda- 
tion, and  would  have  given  way  to  it  had  it  not  been  for  the  capping 
of  Trap  which  has  protected  it.     Seeing  that  at  Little  Wenlock,  No. 
17,  we  have  the  Pennystone  protected  from  this  more  recent  denuda- 
tion by  faults,  and  it  is  certain  that  the  faults  came  after  the 
denudation  of  which  this   paper  treats,  I  am  inclined  to  think 
the  Coal-measures  extended  much  more  to  the  west,  and  that  the  old 
Hoe  of  erosion  has  been,  with  the  Coal-measures,  swept  away  by  a 
ttooh  more  recent  washing ;  and  it  may  be  that  some  of  the  Imes  in 
ny  plan  on  the  west  side  may  be  due  to  these  later  destructions. 

A  list  of  sections,  in  which  the  older  series  occurs  from  the  horizon 
of  the  Chance  Pennystone  downwards. 
(Ilkcie  which  are  numbertd  are  thown  on  the  mapf  PLATE  Y.) 

l-G^lTpitiSoctio-byDood,. 

3.  Doniiurton  Wood.  \ 

4.  New  Madlej.  f  Geological  Surrey, 

5.  Woinbiidjg;e.  (     Vertical  Sections,  No.  23. 

6.  Nelson  Pit,  Prior's  Lee  (from  Stone  Coal).    / 

7.  KeUej.    Prestwich,  p.  446,  **  I  am  not  aware  of  its  existing  further  to  the 
sooth  than  New  Hadlev  and  part  of  Eetley." 

Wombridge.    Townson's  Tracts.     Vide  Prestwicb. 

8.  Snedshill.    Prestwicb,  p.  478. 
Edwards  Piece,  HaHej,    Prestwicb,  p.  480. 
New  Hadley.    Prestwicb,  p.  481. 
Tub  Engine  Pit,  Donington  Wood.    Prestwicb,  p.  483. 

The  following  range  from  the  Top  Coal,  Double  and 
Yard  Coals,  downwards : — 

9.  Lawley  and  Steeraway. 


si 


HorsenaTS. 

Bickyara  Pit,  Prior's  Lee. 
M.  Lawn  Pit,  Malinslee. 
11.  Puddley  HiU. 

Portley  Pit,  Dawley. 
11  Deepfieid  Pit,  Dawley. 
II.  MaAsley  Court 
14.  Stafford  Pit    Doody. 
16.  Sflmbaton  Pit    W.  Ward. 


Geological  Surrey, 
Vertical  Section,  sbeet  23. 
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16.  Halcsfield.    M.  Scott 

Lightmnor  Whinney  Pit.    Preitwieh,  p.  476. 

17.  I-Jttle  Wenlock.    Irestwich,  p.  477. 

New  Works,  New  Lawley.    Pmtwieli,  p.  477. 

18.  Uneloy.    (Doable  Coal.)^   Preitwich,  p.  478. 

19.  Old  Works  at  Dawlej.    I^restwich,  p.  480. 
Wombridge  Pit,  near  the  engine.    Prestwich^  p.  480. 
Holywell  Pits,  Malinslee.    Prestwich,  p.  48S. 
Dawlcy  Pit    Prestwich,  p.  483. 

Old  Park  Pits.    Prestwich,  p.  483. 

The  following  pits  range  from  the  Lower  PennjBtone 

or  Big  Flint  Coal  :— 

20.  Sir    }  Vertical  Section,  sheet  23. 

21.  Trial  Pit,  Castle  Green.    Prestwich,  p.  476. 

22.  Ixxlgc  Pit,  Madelcy.     Prestwich,  p.  477. 

Trial  Pit  near  Lilleshall,  Old  Hall.    Prestwich,  p.  479. 
Hemans  Pitfield,  near  Broselej.    Prestwich,  p.  481. 
Yew  Tree  Pit,  Calcut  Field,  Broselej.     Prestwich,  p.  481. 

23.  Meadow  Pits,  Madeley.     Prestinch,  p.  485. 

Hills-Lane  (with  the  local  terms).    Prestwich,  p.  486. 

Tlie  following  range  from  ahout  the  heat  ooal  and  below  :- 

Caughley.    Vertical  Section,  sheet  23. 
I^iinestone  Pit,  Lincoln's  Hill.    Prestwich,  p.  480. 

24.  Amies  Field,  near  Brosoley.    Prestwich,  p.  478. 

25.  Inett    IVestwich,  p.  478. 
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IV. — Alphabetical  Catalogue   of  Type   Spkoimkns 

Fishes  in  the  British  Museum.^ 

By  Wm.  Dayibs, 
Of  the  Department  of  Geology,  British  Musenm. 

TUE  fmo  serios  of  Fossil  Fishes  in  the  National  ooUection  is  ef 
Libited  in  and  constitutes  the  principal  feature  of  Boom  IL  intho 
Northern  Geological  Gallery.  The  arrangement  adopted  ifl  in  aocord' 
ance  with  the  classification  of  Prof.  L.  Agassiz,  as  indicated  in  his 
great  work,  "  llecherches  sur  les  Poissons  Fossiles,"  but  with  such 
modifications  as  the  subsequent  investigations  of  ichthyologists  have 
rendered  necessary.  These  modifications  occur  chiefly  among  the 
fishes  of  the  older  formations. 

Of  the  four  divisions  or  Orders  of  Fossil  Fishes, — viz.,  the  Placoid, 
Ganoid,  Ctenoid,  and  Cycloid — divisions  founded  upon  the  form  or 
structure  of  their  scales  or  dermal  covering,  the  first  (the  Plaooids) 
are  arnmged  in  table  cases  on  the  north  side  of  the  room,  in  cases  in 

^  Easing  already  published  in  the  pages  of  this  Magazine,  lists  of  the  types  of 
Fossil  Fishes  in  two  of  the  grandest  private  collections  in  this  country,  namely,  that 
of  Sir  Philip  de  Malpas  Grey  E^erton,  Bart.,  M.P.,  F.R.S.  (gee  Geol.  Mao.  1869. 
Vol.  VI.  pp.  408-413),  and  that  ot  the  Earl  of  Enniskillen,  F.R.S.  (see  same  Tolume, 
pp.  «556-561^,  it  seemed  desirable  to  complete  as  far  as  possible  these  Taluable  synopses 
ot  Fossil  Fishes  by  the  publication  of  the  types  in  the  British  Museum.  I  therefore 
requested  Mr.  W.  Davies,  who  has  for  many  years  made  careful  notes  of  the  typical 
and  figured  specimens  of  the  Fossil  Vertebrates  in  the  collection,  to  do  me  the  nTOor 
to  draw  up  for  this  Journal  the  accompanying  particulars  of  our  grand  National  collec- 
tion, which  1  feel  sure  cannot  but  be  most  acceptable  to  palieontolqgifta.— H.W. 
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the  window  recesses,  and  in  a  portion  of  wall  case  7.  As  this  Order 
comprises  those  fishes  having  a  more  or  less  cartilaginous  skeleton, 
the  parts  preserved  are  chiefly  detached  portions,  as  teeth,  bony 
palates,  defensive  and  dermal  spines,  and  vertebrse.  But  specimens 
of  the  Ray  family  have  been  found  preserved  entire  in  the  litho- 
mphic  stone  deposits  and  in  a  fissile  Limestone,  of  the  Cretaceous 
Period,  in  the  Lebanon. 

The  other  Orders  (the  Gkmoid,  Ctenoid,  and  Cycloid)  are  arranged 

in  and  ujpon  the  wall  oases  1  to  6  inclusive,  in  a  large,  instructive, 

and  continuous  series,  where  every  diversity  of  form  and  detail  of 

inatomical  structure,  as  yet  known,  of  each  Order  or  group,  may  be 

compared  and  studied — from  specimens  derived  from  the  most  ancient 

deposits  in  which  fishes  are  found,  up  to  the  most  recent ;  exhibiting 

erery  variety  of  rock-matrix  in  which  their  remains  have  been  pre- 

lenred. 

In  a  portion  of  wall  case  7  are  placed  for  exhibition  those  Fishes 
whose  exact  place  in  the  system  of  arrangement  is  not  determined ; 
and  of  genera  and  species  which  have  not  been  described. 

The  collection,  although  very  far  from  perfect  in  regard  to  the 
number  of  known  and  described  genera  and  species,  is  fairly  repre- 
sented as  regards  families.     It  contains  examples  of  nearly  300 
genera  and  about  700  species,  many  of  which  are  extremely  rare,  and 
*ome  probably  unique.     Much  of  its  value  is  due  to  the  gems  of 
inany  private  collections,  which  have  been  acquired  from  time  to 
time.    Firstly,  may  be  mentioned  that  of  the  late  Dr.  Mantell,  whose 
leal  as  a  collector,  and  whose  skill  in  developing  his  fine  series  of 
Chalk  and  Wealden  Fishes,  were  well  known.  It  was  from  his  museum 
that  Agassiz  obtained  most  of  the  specimens  for  his  descriptions  and 
%ares  of  the  fishes  of  these  deposits.     Subsequently,  the  late  Mr. 
I*.  Dixon's  collection  was  obtained ;  so  rich  in  these  remains  from 
the  Tertiary  and  Chalk  formations  of  Sussex,  many  of  which  are 
ignred  in  his  work  on  the  Oeology  and  fossils  of  that  county.^    More 
recently  examples  from  the  London  Clay  of  Sheppey  and  the  Chalk 
of  Kent  have  been  added  from  the  collections  of  Dr.  Bowerbank  and 
of  Mr.  Toulmin  Smith,  and  a  remarkably  fine  collection  made  by 
Ih".  Haberlein  from  the  Lithographic  stone -quarries  of  Bavaria. 

In  the  subjoined  catalogue  references  will  be  found  to  a  few  speci- 
mens which,  although  not  absolutely  the  types,  yet,  from  tlie  works 
of  acknowledged  authority  and  reference  in  which  they  have  been 
%ured  and  described,  may  be  considered  as  typical  examples.  These 
references  are  marked  with  an  asterisk. 

ACRODUS,  Ag. 

—  Anningia,  Ag.  {spina),  Geol.  Mag.  Vol.  I.  p.  37,  PL  4.    L.  Lias,  Lyme 

Regis. 

—  Illingworikt\  Eg.  {teeth),  Dixon,  F.  S.  p.  361,  pi.  30,  fig.  II.     Chalk,  Sussex. 

—  ,,  Eg.  Dixon,  F.  S.  p.  361,  pi.  30,  f.  12. 

ACROCNATHUS,  Ag. 

—  BoopSy  Ag.  P.  F.  torn.  5,  p.  108,  tab.  doa,  figs.  1-4.     Chalk,  Lewes. 
ACROTEMNUS,  Ag. 

—  Faba,  Ag.  P.  F.  torn.  2,  pt.  2,  p.  203,  tab.  66a,  figs.  16-18.     ib.  loc. 

^  The  fishes  arc  described  by  Sir  Pliilip  de  Malpas  Grey  Egerton,  Bart.,  F.R.S. 

fOL.    Till, — KO,   LXXXUI,  \^ 
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iECHMODUS,  Eg.  {TOrnnnaltpis,  Ag.). 

—  darsalis^  Ag.  P.  F.  torn.  2,  p.  211,  tab.  31,  fip.  i,  %,    IJms^  Bjifoid. 
iETOBATES,  MiilL  and  Henle. 

«  —    irregularis^  Ag.  Dixon,  F.  S.  p.  dOO^  pL  il,  fig».  3«  4-     lil  Eoccn< 

BiackleshaBL 

—  marginalise  Dizon,  F.S.  p.  aoi*  pL  13,  fig.  I.    ih.  loc 

—  rtctms^  Dixon,  F.  S.  p.  20i,  pL  li,  fi^  &    lb.  loc. 
Amphrristus,  Konig. 

—  ToUapiois^  Kckiig,  Icon.  F.  S.  fi^  19a    London  Clay,  Shqipey. 
Angthlla,  Thimbu 

—  eUgans^  Winkler,  P.  F.  d'Oen.  p.  57,  pL  7.    Biiocene^  Ocningen. 
Arckaonectbs,  v.  Meyer. 

—  pertustUt  Meyer,  L.  and  B.    Jahxb.  185S,  p.  205.    D.  and  M.  PaUeonl 

band  7.  p.  12,  tab.  2,  figs,  i,  2.    Devonian,  Geiolstein. 

ASTBRACANTHUS,  Ag. 

—  gramtlosus.  Eg.  M.  G.  S.  Dec  8,  pL  I,  figs.  3-^.    Wealden,  Tilgate  FoitsI 
AULOLSPIS,  Ag. 

—  typus,  Ag.  P.  F.  touL  5,  p.  109,  tabu  60a,  figs.  5-S.    Chalk,  Sussex. 
Belonostomus,  Ag.  ^ 

—  cinctus,  Ag.  P.  F.  torn.  2,  pt  2,  p.  142,  tab.  660,  figs.  10-12.    ib.  loc 

—  „       Ag.  P.  F.  torn,  s,  pt  2,  p.  142,  tab.  660,  fig.  13.    ib.  loc 
Beryx,  Cuv. 

—  microcepkaluSf  Ag.  P.  F.  torn.  4,  p.  119,  tab.  14^,  f^  3,  4.    ib.  loc 

—  „  Ag.  P.  F.  touL  4,  p.  Ii9b  tab.  14^.  ^.  la    ib.  loc 

—  ormUuSy  Ag.  P.  F.  torn.  4,  p.  115,  tab.  14a,   ib.  loc 
Ag.  P.  F.  torn.  4,  p.  11$,  tab.  14^.  figs,  i,  2.    ib.  loc 
Ag.  P.  F.  torn.  4,  p.  115,  tab.  14c,  fig.  i.     ib.  loc 
Ag.  P.  F.  torn.  4,  p.  115,  tab.  14c,  fig.  2.    ib.  loc 

,,        Ag.  P.  F.  torn.  4,  p.  115,  tab.  14^,  fig.  2.    ib.  loc. 
„        Ag.  P.  F.  torn.  4,  p.  115,  tab.  14^,  fig.  3.     ib.  loc 
„        Ag.  P.  F.  torn.  4,  p.  115,  tab.  14^,  ^.  I,  Zais  Lewesiensis,  Maa 
G.  S.  p.  234,  tab.  35,  fig.  2.     ib.  loc. 

Ag.  Zrus  Liwniensis^  Mant  G.  S.  p.  234,  tab.  3^  fig.  I. 

Ag.  Zetu  Ltwesiensis^  Mant  G.  S.  p.  234,  tab.  3d.    ib.  loc 

—  radianSy  Kg.  P.  F.  torn.  4,  p.  1 18,  tab.  14^,  figs.  7-9.    ib,  loc 
♦  —  ,,      Ag.  Dixon,  F.  S.  p.  371,  pi.  36,  fig.  4.     ib.  loc. 

—  superbus.  Eg.  Dixon,  F.  S.  p.  372,  pL  36,  fig.  5.     Chalk,  Southeram. 
Bothriolepis,  Eichwald. 

—  omatuSf  Eichw.  P.  F.  V.  G.  R.  p.  99,  tab.  29,  fig.  3.    Devonian,  Elgixa. 

—  „         Eichw.  P.  F.  V.  G.  R.  p.  99,  tab.  29,  hg.  4.  ib.  loc 

—  „         Eichw.  P.  F.  V.  G.  R.  p.  99,  tab.  29,  fig.  5.     ib.  loc 
Brachyichthys.  Winkler. 

—  typia4s,  Winkler.  Nat.  Verb.  HolL  Wet  Tweede  Verzameling,  16^  I>e 

1862,  p.  53,  fig.  9.     Upper  Oolite,  Solenhofen« 
BUCKLANDIUM,  Konig. 

—  diluviiy  Kbni^,  Icon.  F.  S.  fig.  91.     London  Clay,  Sheppey. 
Campodus,  de  Konmck. 

—  Agassizianus,  de  Kon.  A.  F.  p.  618,  tab.  55,  fig.  la.   Carboniferous  Linx 

stone,  Belgium. 
Caturus,  Ag. 

—  similis^  kg.  (Jaw),  P.  F.  torn.  2,  pt2,  p.  1 1 8,  tab.  66fl,  fig.  9.    Chalk,  Lewes 
Cephalaspis,  Ag. 

—  Lyei/i,  Ag.  P.  F.  torn.  2,  p.  142,  tab.  ta,  fig.  2.  Eticephalaspis,  Lank-i 

F.  O.  R.  S.  p.  43,  pi.  8,  fig.  I.     Devonian,  Glammis. 
CHlMiERA,  Linn. 

—  AgassUiy  Buckl.  {Ischyodus,  Eg.),  P.  F.  torn.  3,  p.  341,  tab.  40a,  figs.  J,  4 

L.  Chalk,  Hamsey. 

—  „        BuckL  {Ischyodusy  Eg.),  P.  F.  torn.  3,  p.  341,  tab.  400,  fig.  S 

Chalk,  Lewes. 

—  Buckiandif  Ag.  {Edaphodotty  Buckl.),  P.  F.  torn.  3,  p.  351,  tab.  40^^,  fig* 

19-24.     M.  Eocene,  Bracklesham. 

—  eurygnalhuSf  Ag.  {Edaphodon^  Buckl.),  Dixon,  F.  S.  p.  ill,  pi.  10,  fig.  i{ 

ib.  loc. 
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Cbdmra,  Lfam. 

—  tmygmiktts,  Ag. (£USi|^tMSMi, BackL),  Dizoo,  F.  S.  p.  Iii»pl.  lo^  fig.  19. 

ib.loc. 

—  9,        Ag.  lEda^Actbrn^  BackL),  Dixon,  F.  S.  p.  iii,  pL  12,  fig. 5.  ib.  loc. 

—  Huttieri^  Eg.  {Elasmadmt,  Eg.),  M.  G.  S.  Dec.  6,  pi.  i,  figs,  i,  2.    ib.  loc 

—  „        'Eg,  (Eiatmotbu^  Eg.^  M.  G.  S.  Dec.  6,  pL  i,  figs.  5,  4.    ib.  loc. 
-,,£§.  {Eiaswtadms,  Eg.),  M.  G.  S.  Dec  6,  pL  i,  figs.  5,  6.    ib.  loc 

*—        „        Eg.(.£/ftMW(Atf,£g.y,,DixoD,P.S«p^iii,pLio^fig8.ii,f2.   ib.loc 

—  UfiogHoihm^  Ag.  {Edapkodoftf  Buckl.),  P.  F.  torn.  3,  p.  352,  tab.  401/,  figs. 

13-18.     ib.  loc. 

*  -        „        Ag.  {Edaphodon^  Backl^,  Daon,. F.  S.  p. il i,  pl.lo,fig,2a  ib.loc 

*  -        „        Ag.  (.£^>4(N^,BuckL),DiK0ii,  F.  &  p.  lii,pL  lo,  fig.  21.  ib.loc 

—  ManttUi^  BnckL  (Edapkidomy  Bnckl.),  P.  F.  toock  3,  p^  64,  UU  10^^  fig.  17 

(spineY    Chalk,  Lewes. 

—  ,^        Bodd  {Edaphcdon,  Buckl),  P.  F.  torn.  3,  p.  318,  tibi  400^  fig.  I. 

Chalk,  Lewes. 

—  ,,        BnckL  {Edi^kodon,  BuckL),.  P.  F.  tonk  3,  p.  318,  tab.  40a,  fig.  2. 

ib.  loc 

—  9rtkoM$mu^  Eg^  {.hchyodaa^  Pioc  GeoL  Soc,  April  5,  iSyiw     L.  Lias^ 

Lyme  Regis. 

—  Thtom^  BockL  {Isckyodus^  Eg.),  R  F.  torn.  3,  p.  342,  tab.  40^  fig.  19. 

Ooltte»  Normandy. 

CBOMOftOSTBUS^  A^ 

-^  cmatwr,  Egert  PhiL  Trans.  1858,  p.  883.    L.  Lias,  Lyme  Regis. 
Claoocvcuvs,  Ag. 

—  LewesktuUt  Ag.  P.  F.  took  5,  p.  103,  taK  25^1,  figs..  5,  6.    Chalk,  Lewes. 

CuMAXODUS,  M'Coy. 
--  Mnoter,  Boikas.  Gsol^Mao.  Vol..5,p.  496,  Figs,  i,  2.  Coat-measures,  New- 

castle 

COLOIHTNCHUS,  Ag. 

—  rtetiUy  Ag.  Dixon,  F.  S»  p.  205,.  pi.  II,  fig..  26.    M.  Eocene,  Bracklesham. 
^OlAX,  Ag. 

—  JfiatatMS,  Ag..P.  F.  tom.  3,  p.  226,  tab.  26a,  figs.  I,  3,  6.    Chalk,  Sussex. 

—  ,»        ^.  Squaluf  galens^.  Mant  G.  S.  p.  227,.  tab.  32,  fig.  12.    ib.  loc. 

—  maximust  Dixon,  F.  S.  p.  366,  pL  30,  fig.  17.    ib.  loc 
^APEDius,  De  la  Beche. 

—  Cdii^  Ag.  P.  F..  torn..  2,  p.  217^  tab.  25^.     L.  Lias,  Lyme  Regis. 
-■^EKCETis,  Monst  and  Agass. 

—  domgatm^  Ag^  P.  F.  torn.  2,  pt  2,  p.  258  ;.tabi  66a^  figs.,  i ,  2.   Chalk,Lewes.. 

—  ,,        Ag.  P.  F.  tom.  2,  pt.  2,  p.  258,  tab*  66a,  fig.  3.     ib.  loc 

—  if        Ag.  P.  F.  tom.  2,pt.  2,  p.  258,  tab.  66r?,  fig.  4.     ib.  loc 

—  „         Ag.  P.  F.  tom.  2.  pt  2,  p.  258,  tab.  66a,  fig.  5.    ib.  loc. 

—  y,         Ag.  Mur€tna  LetvesiensiSy  Mant.  G.  S.  p.  232,  tab.  34,  fig.  10,.  tab. 

40,  fig.  2.    ib.  loc 
Orepanephorus,  Eg.,  Dec.  13  (in  the  press).    Cestradon^  Cuvier. 

—  canalieulaim.  Eg.  {Spinax  major ,  Ag.),  P;  F.  tom.  3,  p.  62,  tab.  10^,  fig.  8 

{spine).     Chalk,  Lewes. 

—  ,y  Eg.  {Spinax  major^  Ag.),  P.  F.  tom.  3,  p.  62,  tab.  10^,. fig.  10 

{spine\  ib.  loc. 

—  „  Eg.  {Spinax  major,  Ag.),  P.  F.  tom.  3,  p. 62,  tab.  10^,  fig.  Ii,. 

Balistes,  Mant.  G.  S.  p.  229,.  tab.  33,  fig.  6  {spine),    ib.  loc. 

—  „  Eg.  {Spinax  major^  Ag.),  P..  F.  tom.  3,  p.  62,  tab.  lo^,  figs. 

12,  13  {spine),     ib.  loc 

—  >y  Eg.  {Spinax  major,  Ag.),  P.  F.  torn.  3,  p.  62,  tab.  10^.  fig.  14. 

Balistes,  Mant.  G.  S.  p.  229,  tab.  33,  fig.  5  {spine),    ib.  loc. 

—  „  Eg.  {Spinax  majoTy  Ag.),.  P.  F.  torn.  3^  p»  370,  tab.  40a,  fig.  6 

{vertdtroi).    ib.  loc 
Egertonia,  Cocchi. 

—  isodonta,  Cocchi,  Pesch.  Lab.  p.  58,  tab.  4,  fig.  2.    London  Clay,  Sheppey. 
Ekchodus,  Ag. 

—  halocyon.  Kg.  P.  F.  tom.  5,  p.  64,  tab.  25^,  fig.  I.    Chalk,  Lewes. 

—  „         Ag.  P.  F.  tom.  5,  p.  64,  tab.  25r,  fig.  2.     Esox  Levacsiatsisy  ManL 

G.  S.  p,  2Sy,  tab.  41,  figs,  i,  2.    ib.  \oc 
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Enchodus,  Ag. 
—    AalacyoHt  Ag.  P.  F.  torn.  5,  p.  64,  tab.  2$c,  6p.  3,  4.    ib.  loc 


Ag.  P.  ^.  torn.  5,  p.  64,  tab.  25^,  &g.  5.  Esax  Lewesiensis,  Mant 

"13.    ib.  lot 
„        Ag.  P.  F.  torn.  5,  p.  64,  tab.  25^,  ng.  6.    ib.  loc 


G.  S.  p.  237,  tab.  25,  fig.  13.    ib.  loc. 


„        Ag.  P.  F.  torn.  5,  p.  64,  tab.  25^,  fig.  7.    ib.  loc 

„        Ag.  P.  F.  torn.  5,  p.  64,  tab.  2y,  fi^  10^  I4f  I5*    ib.  loc. 

>* 


Ag.  Duon,  F.  S.  p.  373,  pL  30^  figi.  20^  27,  pL  31,  fig.ii.  Chalk, 
Sussex. 
FiSTULARiA,  Lac^p. 

—  KonigU^  Kg.  P.  F.  torn.  4,  p.  279,  tab.  35,  fig.  5.    Eocene,  Engi,  Claris. 
Glyptopomus,  Ag. 

—  mifufr,  Ag.  P.  F.  V.  G.  R.  p.  57,  tab.  26.    Devonian,  Dnim  Den. 

—  sp.  M.  G.  S.  Dec  10,  p.  4,  fig.  4,  Dec.  12,  pL  i,  fig.  2.     ib.  loc. 
Gyrodus,  Ag. 

*  —    angustuSf  Ag.  Dixon,  G.  S.  p.  370,  pL  30^  fig.  14.    Ckalk,  Sussex. 

*  —         *»         Ag.  Dixon,  G.  S.  p.  37c\  pL  33,  £^.  i.    ib.  loc 

—  cretacoiSf  Ag.  Dixon,  F.  S.  p.  370,  pL  30,  fig.  15.    ib.  loc 
Heterolepidotus,  Eg.  {EuUpidihu^  Eg.  L^idtaus^  Ag.) 

—  latus^  Eg.  M.  G.  S.  Dec  13,  in  the  press.     L.  Lias,  Ljrme  Regis. 
HOLOPTYCHIUS,  Ag. 

—  Andersoni^  Ag.  P.  F.  V.  G.  R.  p.  72,  tab.  22,  fig.  3.    Devonian,  Dura  Den. 

—  nobilissimus^  Ag.  P.  F.  V.  G.  R.  p.  73,  tab.  23.     Devoman,  Clashbinnie. 
Hybodus,  Ag. 

—  Dubrisunsis,  Mackic    GeoL  voL  6,  p.  241,  pi.  13.     L.  Chalk,  Dover. 

—  efongaius,  Ag.  {Sphenonchut^  Ag),  c^halic  spine,  P.  F.  torn.  3,  p.  202,  tab 

22tf,  fig.  18.    Wealden,  Tilgate  Forest. 

—  pyramidalis^  Ag.  P.  F.  torn.  3,  p.  182,  tab.  22a,  figs.  20,  21  {tedk),  L.  Lias 

Lyme  Regis. 

—  striaitdus,  Ag.  (spines),  P.  F.  torn.  3,  p.  44,  tab.  8^,  figs.  I.  la,     Si/unts 

sp.  Mant.  F.  T.  F.  p.  58,  tab.  10,  fig.  6.    Wealden,  Tilgal 
Forest 

—  „         Ag.  Silurus  {spine),  Mant  F.  T.  F.  p.  58,  tabl  10,  fig.  6.    ib.  lo- 

—  sulcaius,hg.  {spines),  P.  F.  torn.  3,  p. 44,  tab.  10^,  figs.  15, 16.  Chalk, Lewe= 
Hypsodon,  Ag. 

—  Lewesiensis,  Ag.  P.  F.  torn.  5,  p.  99,  tab.  25a,  fig.  i.     Chalk,  Sussex. 

—  „  Ag.  P.  F.  torn.  5,  p.  99,  tab.  25a,  fig.  2.     ib.  loc 

—  II  Ag.  P.  F.  torn.  5,  p.  99,  tab.  25^,  fis.  3.    ib.  loc. 

—  „  Ag.  P.  F.  torn.  5,  p.  99,  tab.  25^,  Sg,  I.    Mant  G.  S.  p.  2% 

tab.  42,  figs.  I,  4.    ib.  loc 

—  „  Ag.  P.  F.  torn.  5,  p.  99,  tab.  25^,  fig.  2.     Mant  G.  S.  p.  24 

tab.  42,  fig.  3.     ib.  loc. 

—  „  Ag.  P.  F.  torn.  5,  p.  99,  tab.  25^,  figs.  4,  5.    ib.  loc 

—  ,,  Ag.  P.  F.  torn.  5,  p.  99,  tab.  25^,  figs.  6,  7.    Mant.  G.  S.  p.  ^ 

tab.  42,  fig.  2.     ib.  loc. 

—  minor,  Dixon,  F.  S.  pi.  32*,  figs.  9,  9*.    ib.  loc. 
Lamna,  Ciivier. 

—  acuminata,  Ag.  P.  F.  torn.  3,  p.  292,  tab.  37a,  fig.  54.    Dixon,  F.  S.  pL 

fig.  19.     ib.  loc. 

•  —  ,,         Dixon,  F.  S.  tab.  30,  fig.  26,  tab.  31,  fig.  18.     ib.  loc 

—  elegans,  Ag.  P.  F.  torn.  3,  p.  369,  tab.  40^,  fig.  24,    London  Clay,  Shepp> 

—  raphiodon^  Ag.  P.  F.  torn.  3,  p.  296,  tab.  37^,  figs.  II,  12,  13.  Chalk,  Sus^ 

♦  —  ,,         Ag.  Dixon,  F.S.  tab.  30,  fig.  32.     ib.  loc. 
Lepidosteus,  Ag. 

—  sp.     L.  G.  J.  p.  6,  figs.  9,  9a,  9^.    M.  Eocene,  Hordwell. 
Lepidotus,  Ag. 

—  FUtom,  Ag.  P.  F.  torn.  2,  p.  265,  tab.  30a,  fig.  i,  tab.  30*,  fig.  i.  Wealdc 

Tilgate  Forest. 

—  „     Ag.  P.  F.  torn.  2,  p.  265,  tab.  30a,  fig.  3.    ib.  loc 

—  ,,     Ag.  P.  F.  torn.  2,  p.  265,  tab.  30^,  fig  3.     ib.  loc 

—  gigas,  Ag.  P.  F.  torn.  2,  p.  235,  Baker,  Hist.  Northampt  vol.  I,  p.  440^  P^ 

Lias,  Northamptonshire. 
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^^*fO»nj%  Ag, 
^  MuUdN,  Ag.  P.  F.  torn.  2,  p.  262,  tab.  yoc,  fi^.  i.  Wealdeii,Tilgate  Forest 
Ag.  P.  F.  torn.  2f  p.  262,  tab.  joa,  ngs.  4,  5.    ib.  loc. 
Ag.  P.  F.  torn.  2,  p.  262,  tab.  30^,  fig.  2.    ib.  loc. 
Ag.  P.  F.  torn.  2,  p.  262,  tab.  30^,  figs.  2,  3.    ib.  loc 
^  n(got$ts,  Ag.  P.  F.  torn.  2,  p.  246,  tab.  33^  fig.  4.    Lias,  Whitby. 
^naosTouvs,  Eg. 

—  Dixofti^  Eg.  M.  G.  S.  Dec.  6,  plates  10,  10*.    Chalk,  Alfiiston,  Sussex. 
«ACK)POMA,  Ag. 

—  ManUiUf  Ag.  P.  F.  torn.  2,  pt.  2,  p.  174,  tab.  65a  (^at),  fig.  I.     Amiat 

LfwesiensiSf  Mant  G.  S.  p.  239,  tab.  38.     Chalk,  Sussex. 

Ag.  P.  F.  torn.  2,  pt  2,  p.  174,  tab.  65a  (£>),  fig.  2.    ib.  loc 
Kg,  P.  F.  torn.  2,  pt  2,  pk  174,  tab.  65^.     Amia  f  Lewesiensis^ 

Mant  G.  S.  p.  239,  tab.  37.  ib.  loc 
Ag.  P.  F.  torn.  2,  pt  2,  p.  174,  tab.  65^,  fig.  i.  ib.  loc. 
Ag.  P.  F.  torn.  2,  pt  2,  p.  174,  tab.  6y,  fig.  2.  ib.  loc. 
Ag.  P.  F.  torn.  2,  pt  2,  p.  174,  tab.  6^r,  f^.  3.  ib.  loc. 
Ag.  P.  F.  torn.  2,  pt.  2,  p.  174,  tab.  65^,  €g.  4.  ib.  loc. 
Ag.  P.  F.  torn.  2,  pt  2.  p.  174,  tab.  65//,  fig.  i.  ib.  loc. 
Ag.  P.  F.  torn.  2,  pt.  2,  p.  174,  tab.  65^^,  fig.  2.  ib.  loc 
Ag.  P.  F.  torn.  2,  pt.  2,  p.  174,  tab.  65</,  fig.  3.  ib.  loc 
Ag.  (coprolites)  P.  F.  torn.  2,  pt  2,  p.  177,  tab.  65a  (^/j),  figs.  3, 

JUCIODON,  Ag. 

—  nuekaUSt  Eg.  Dixoo^  F.  S.  p.  369,  pL  32,  fig.  7.  Chalk,  Washington,  Sussex. 
Mtliobatbs,  Domeril. 

^  eontractuT,  Dixon,  F.  S.  p.  200^  pi.  11,  fig.  17.     M.  Eocene,  Bracklesham. 

*-  DiMmtij  Ag.  Dixon,  F.  Sw  p^  i^iiS,  pi.  10,  hgs.  I,  2.    ib.  loc 
^         „       Ag.  Dixon,  F.  S.  p.  198,  pi.  12,  fig.  3.    ib.  loc. 

--  EdwardsH^  Dixon,  F.  Sbp.  199.  pL  Ki,  fig.  16.    ib.  loc 

^—  TeUapkuSy  Ag.  Dixon,  F.  S.  p.  198,  pL  10,  figs.  3,  4.    ib.  loc 

^tUAGAMTHUS^  Ag. 

^  —  paradoxus,  Ag.  P.  F.  torn.  3,  p.  38,  tab.  6,  figs.  I,  2,     L.  Lias,  Lyme  Regis. 
-^OTAGOGUS,  Agass. 

—  PefUlandiy  Ag.  P.  F.  torn.  2,  p.  294,  tab.  49,  fig.  2.  Oolite, Torre  d'Orlando, 

near  Naples. 
^PHIOPSIS,  Ag. 

—  ptntcillatuSfKg.  P.  F.  torn.  2,  p.  290,  tab.  36,  figs.  2-4.  Purbeck  Limestone. 
^ATHAGORiscus,  Schneider. 

—  species,  Dixon,  F.  S.  pL  32,  figs.  3,  4.    Chalk,  Sussex. 
^-^SMEROIDES,  Ag. 

—  Lewesiensis,  Ag.  P.  F.  tom.  5,  p.  105,  tab.  6o3,  fig.  I.    Chalk,  Lewes^ 

Ag.  P.  F.  torn.  5,  p.  105,  tab.  60^,  ^.  2.     Saima  Lewesiensis, 


19 
99 

9f 
99 
99 
** 
99 
99 
»9 
99 


99- 


99 
19 
99 
99 


Mant  G.  S.  p.  256.    ib.  loc 
Ag.  P.  F.  torn.  5,  p.  105,  tab.  6o3,  figs.  3,  4.    ib.  loc. 
Ag.  P.  F.  tom.  5,  p.  105,  tab.  6(V,  fig.  i.     ib.  loc 
Ag.  P.  F.  torn.  5,  p.  105,  tab.  6or,  fig.  2.     ib.  loc. 
Ag.  Salmo  Lttoesiensis,  Mant  G.  S.  p. 235,  tab. 40,  fig.  I.    ib.loc 
^^^>STEOLEPis,  Valenc  and  Pentl. 

—  arenatus,  Ag.  P.  F.  tom.  2,  p.  122,  tab.  2d^  fig.  I.    Devonian,  Gamrie. 

—  „       Ag.  P.  F.  tom.  2,  p.  122,  tab.  zd,  fig.  4  {counterpart),    ib.  loc 
OroDUS,  A^. 

—  appendicuUUus,  Ag.  P.  F.  tom.  3,  p.  270,  tab.  32.     Figs.  I,  5,  6,  11,  14. 

Squalus  mustdus,  Mant.  G.  S.  p.  226,  tab.  32,  fig.  6.  Chalk, 
Sussex. 
OXYRHINA,  Ag. 

—  craaidens,  Dixon,  F.  S.  p.  367,  pi.  31,  figs.  13,  13a.    Chalk,  Houghton. 

—  Mantdli,  Ag.  P.  F.  tom.  3,  p.  280,  tab.  33,  figs.  2,  4,  6,  7.  8,  9.     Chalk, 

Sussex. 
Ag.  Squalus  mustelusy  Mant.  G.  S.  p.  226,  tab. 32,  fig.  1 1,    ib.  loc 
Ag.  Squaius  zygana,  Mant.  G.  S.  p.  227,  pi.  32,  figs.  8,  26,  28. 

ib.  loc. 
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Paciiyrhizodus,  Ag. 

—  basaJis^  Dixon,  F.  S.  Ik  374*  pL  3|,  fig.  la    Chalk,  SteTning. 

—  glyphodus^  Blake  and  Mackie,  GeoL  voL  A  P^  I33>  pL  21,  figs.  I3|  i> 

Gault,  Folkcrtooe. 
Periodus,  Ag. 

*  —    Actnij^ii^  Ag.  Dixon,  F.  S.  pu  30$,  pL  10^  fig.  13.  Bf.  Eocene^  Bnckkshnn. 
PnACOL»Ls,  Dixon. 

—  punctatusy  Dixon,  F.  S.  p.  371,  pL  jo,  fig.  ifi.    Chalk,  Lewei. 

PifANLROPLEURON,  Hizxlcy. 

—  Andtrsoni^  HuxL  M.  G.  S.  Dae.  10^  pi.  3,  fig.  I.    Devoniaa,  Dnia  Den. 

—  „         HuxL  M.  G.  S.  Doc  i<\  pL  3»  fig.  3.    ib.  loc. 

PilOLIDOPHORUS,  Ag. 

->    ornatus^  Ag.  P.  F.  torn.  2,  p.  380^  tabu  37,  ligt.  6^  7.     Porbeck,  Swanage. 

PlIYLLOia'S,  Ag. 

—  Bowerbankit  Cocchi,  Pesch.  Lab.  p.  36,  Ut.  3,  fig.  2,  20.     London  CUj. 

Sheppey. 

—  ,,  Cocchi,  Pesch.  Lab.  p.  36^  lav.  2,  fig.  3.    ib.  loc. 

—  fuxaf^onaliSf  Cocchi,  Pesch.  Lab.  -p.  28^  lav.  I,  fig.  3.  ib.  loc 


mediusy  Ag.  Pesch^  Lab.  p.  50,  tav.  2,  fig.  14.    ib.  k)C. 

Lab.  p. 


—  petiolatusy  Owen,  Pesch.  Lab.  p.  45,  taT.  3,  fig.  2.    ib.  loc 

—  ,,        Owen,  Pesch.  Lab.  p.  45,  tav.  3,  fig.  JJ.    ib.  loc 

—  secundarius,  Cocchi,  Pesch.  Lab.  p.  38,  tav.  2,  ^g.  7,  7'-     >^*  ^ 

—  ,,        Cocchi,  Pesch.  Lab.  p.  38,  tav.  6,  fig.  3»  30.    ib.  loc 

—  speciosusy  Cocchi,  Pesch.  Lab.  p.  32,  tav.  i,  fig.  6,  60.    ib.  loc 

—  „       Cocchi,  Pesch.  Lab.  p.  32,  tav.  I,  ig.  8^  80.    Red  0x9%  (derind), 

Sutton. 

—  ,,        Cocchi,  Pesch.  Lab.  p.  32,  tav.  2,  fig.  fi.    ib.  loc 

—  snbmedius^  Cocchi,  Pesch.  Lab.  p.  54,  tav.  2»  fig.  13,  \yu    London  CUy. 

Sheppey. 

—  ToUapicus  ?  Ag.  Pesch.  Lab.  tav.  2,  fig.  1$.    Red  Csag  (derived),  SufiJk. 
Platygnathus,  Ap. 

—  Jamesoni,  Ag.  \\  V.  V.  G.  P.  p.  77,  tab.  25.    Devonian,  Dura  Den. 
Platyl.+:mi's.  Dixun. 

—  CoUi^  Dixon,  K.  S.  p.  205,  pi.  10,  fig.  23.     M.  Eocoie,  Bsacklesham. 

—  ,,     Dixon,  F.  S.  p.  205,  pL  12,  figs.  1 1,  12,  13.     ib.  loc 
Platysomts,  Ag. 

—  stridtusy  Ag.  King.  Perm.  Foss.  p.  231,  pi.  27.     Permian,  Ferry  HilL 
Plinthophurus,  Gunther. 

—  robustus,  (lunthcr,  Geol.  Mag  .Vol.  i,  p.114,  PI.  6.    L.  Chalk,  Folkestone- 

PRIONOLKPIS,  Eg. 

—  afti^u^ttiSy  Kg.  Dixon,  F.  S.  p.  368,  pi.  32*,  fig.  3.     Chalk,  BorweU. 
Prist  IS,  L«itham.  ^ 

—  bisulcatusy  Ag.  P.  F.  torn.  3,  p.382*,  tab.41  {rostral boneY  Eocene?  Sheppey  " 

—  cofttoriitSy  Dixon,  F.  S.  p.  202,  pL  12,  figs.  9,  lo  {restral  tooth),  M.  Eocene^ 

Bracklesham. 
Pterichthvs,  Ag. 

—  macrocephaltiSy  ^-  J*  ^'  S*  ^*  '®»  P*  '^  ^*  ^»  P^  3»  ^'  ^     Devonian, 

Farlow. 
Ptychodi's,  Ag. 

—  arcuatus,  Ag.  P.  F.  tom.  3,  p.  58,  tab.  loa,  fig.  2.  Balistesi^  Mant  G.  S. 

p.  231,  tab.  4a  fig.  3  Uin-ruys),    Chalk,  Lewes. 

—  ariiculatus^  Ag.  P.  F.  tonL  3,  p.  58  ;  tat).  loa,  figs.  5,  6,  Mant  G.  S.  p.  231, 

tab.  34,  fig.  8  (/In-fays).     ib.  loc. 

—  decurrenSf  Kg.  P.  F.  tom.  3,  p.  154,  tab.  25^,  fig.  8,  9  (tooth),  ib.  loc 

•  —  n         Ag.  Dixon,  F.  S.  p.  362,  pi.  30,  fig.  7,  8,  pi.  31,  fig.  I  {tedh). 

Chalk,  Sussex. 

—  dcpressusy  Y.g.  Dixon,  F.  S.  p.  363,  pi.  31,  fig.  9  {tooth),    ib.  loc. 

—  gibberulus,  Ag.  P.  F.  tom.  3,  p.  58,  tab.  loa,  fig.  4  {Jin-rays).    Chalk,  Lewes. 

—  mammiUaris,  Ag.   P.  F.    tom.   3,  p.   1 5 1,  tab.  25^,    figs.   12,   14,   15,  1 8 

{teeth).     Chalk,  Lewes. 

—  Oiveniy  Eg.  Dixon,  F.  S.  p.  364,  pi.  31,  fig.  2  {tootK),    Chalk,  Snodland. 

—  paucuulcattis^  Eg.  Dixon,  F.  S.  p.  363,  pL  30,  fig.  3  {tooth).    Chalk,  Sussex. 
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^^ncaoDvs,  Ag. 

^  Mfygynuf  Ag.  P.  F.  torn.  3,  p.  156,  tabu  2$,  figt.  4,  5,  S,  Msnt  Gw  S. 

p.  231,  tabu  32,  fig.  29  {tietA),    Chalk,  Lewes. 
'—    tpecUtbiUs^  Ag.  P.  F.  torn.  3,  p.  57,  tab.  loa,  fig.  i  (fin-ray)^  **aUiid  to 

BalnUSf^^  Biant  G.  S.  p.  229,  tab.  ^9.     ih.  loc. 
.-—        ?sp.         Ag.  P.  F.  torn.  3,  p.  59,  tab.  10*,  fig.  18.    ib.  loc. 
Ftcnodus,  Ag. 

—  MafUeUi^  Ag.  P.  F.  torn.  2,  p.  196,  tab.  72a,  fig.  6.    Wealden,  Tilgate 

Forest. 

—  »,  Ag.  P.  F.  torn.  8,  p.  196,  tab.  72a,  fig.  7.    ib.  loc. 

—  „  Ag.  P.  F.  torn.  2,  p.  196,  tab.  72^1,  fig.  8.    ib.  loc. 

—  ft  Ag.  P.  F.  torn.  2,  p.  196,  tab.  72a,  fig.  9.    ib.  loc. 

—  M  Ag.  P.  F.  torn.  2,  p.  196,  tab.  72a,  fig.  II.    ib.  loc. 

—  „  Ag.  P.  F.  torn.  2,  p.  196,  tab.  72^1,  fig.  12.    ib.  loc. 

—  „  Ag.  P.  F.  torn.  2,  p.  196,  tab.  72^,  fig.  14.    ib.  loc. 

—  iiassicus^  Eg.  {Jdesodm^  Wagn.),  M.  G.  S.  Dec.  8,  pL  10.    Lias,  Barrow- 

OQ-Soar. 
KHYNCHONiCHTHYs,  Mantcll.  Mss. 

—  Tayhri^  Mant.  Mss.     Chalk,  Kent, 
Saukocephalus,  Harlan. 

•  —    lanciformisy  HarL  P.  P.  torn.  5,  pt.  I,  p.  102,  tab.  2$r,  figs.  21,  24, 17,  28, 

29.     Chalk,  Lewes. 

•  —  „  Harl.  Dixon,  F.  S.  p.  374,  pL  31,  fig.  la.     Chalk,  Kent 

—  striaius^  Ag.  P.  F.  torn.  5,  p.  102.  tab.  25^,  figs.  17,  18.    ChiJk,  Lewes. 
Saukodon,  Hays. 

•  —    LtttHMs^  Hays,  P.  F.  torn.  5,  p.  102,  tabu  25^,  figs.  30,  31.    ib.  loc. 

•  —  J,     Hays,  Dixon,  F.  S.  p.  373,  pi.  30^  figs.  28,  29.     Chalk,  Sussex. 
ScAPHASPis,  Lankester. 

—  Dunensis^  RoeuL  (Archaotmthisy  Roemer),  L.  and  B.  Jahrb,  1858,  p.  55, 

UPUraspUy  Kner).  J.  G.  S.  vol  17.  p.  163.    Devonian, 
Wassenach. 

—  rtctmsy  Lank.  F.  O.  R.  S.  p.  23,  pL  2,  fig.  7.     Devonian,  Heightington. 
SiLURUs,  Linn. 

—  EgerUmiy  Dixon,  F.  S.  p.  204,  pL  11,  fig.  11.    M.  Eocene,  Bracklesham. 

—  „       Dixon,  F.  S.  p.  204,  pi,  li,  fig.  12.    ib.  loc 

—  „       Dixon,  F.  S.  p.  204,  pL  ii,  fig.  13.     ib.  loc. 
Sphenonchus,  Ag.  V.  Hybodus. 

SPHYRiCNODUS,  k%. 

—  tenuis^  Dixon,  F.  S.  p.  112,  pi.  II,  fig.  24,     M.  Eocene,  Bracklesham. 
Spinax,  v.  Drepanephorus. 

Stenostoma,  Ag. 

—  pulchdla^  Dixon,  F.  S.  p.  373,  pL  36,  fig.  2.     Chalk,  Steyning. 
Strophodus,  Ag. 

—  asper^  Ag.  P.  F.  torn.  3,  p.  128^,  tab.  10*,  figs.  1-3.     Chalk,  Lewes. 

—  medius,  Owen,  Geol.  Mag.  Vol.  7,  p.  193,  Pi.  7.     Oolite,  Caen. 
Teratichthys,  Konig. 

—  antiquitatisy  Konig,  Icon.  F.  S.  p.  4,  fig.  79,  79*.    London  Clay,  Sheppey. 
Tetragonolepis,  Ag. 

—  draserus^  EJg.  J.  G.  S.  vol.9,  P*  *78,  pL  n,  fig-  4  (teeth  only  figured). 

Lias,  Boll,  Wurtemberg. 
Tetrapterus,  Ag. 

—  minor,  Ag,  P.  F.  torn.  5,  p.  91,  pi.  6o«,  figs.  9-13.     Chalk,  Lewes. 
*  —        „       Ag.  Dixon,  F.  S.  pi.  31,  fig.  16.     ChaJk,  Sussex. 
Thlattodus,  Owen. 

—  tuchoides,  Ow.  Geol.  Mag.  Vol.  3,  p.  55,  PI.  3.     Kimmcridge  Clay, 

Downham. 

TOMOGNATHUS,  Ag. 

—  Uiodus,  Dixon,  F.  S.  p.  377,  pL  30,  fig.  31.    Chalk,  Sussex. 
Tristichopterus,  Eg. 

—  alaius,  Eg.  M.  G.  S.  Dec.   10,  p.  51,  pi.  5  (counterpart),      Devonian, 

John  o'  Groats  House. 
Shagreen  of  a  Placoid  Fish,  Ag.  P.  F.  torn.  3,  Ub.  10^,  figs.  6,  7.    Chalk,  Lewes. 
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Taw  of  a  Fish  (?  Enchodus),  in  flint,  Ann.  Nat  Hist  vol  19,  p.  7.    Chalk,  Kast 
Remains  of  a  Large  Fish,  undescribed,  L.  G.  J.  p.  21,  Woodcats.     Chalk,  Kent 
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I. — ^Thb  Internal  Fluidity  of  thib  Earth.* 

The  following  is  a  translation  of  a  letter  addressed  by  Professor 
H.  Hennessy,  F.K.S.,  to  the  Secretary  of  the  Academy  of  Sciences  of 
Paris,  which  has  appeared  in  the  Comptes  Bendus  for  March  the  6th : 

''On  the  13th  of  July,  1868,  M.  Delaunay  made  a  communication 
to  the  Academy,  in  which  ho  treats  of  the  rotation  of  the  earth  con- 
sidered as  a  hollow  shell  inclosing  a  nucleus  of  fluid  matter.  By  a 
simple  train  of  reasoning  he  was  led  to  conclude  that  the  very  slow 
motions  of  rotation  which  produce  the  phenomena  of  precession  and 
nutation  of  the  earth's  axis  would  take  place  as  if  the  whole  earth 
were  absolutely  solid,  and  therefore  that  the  phenomena  of  preces- 
sion and  nutation  could  not  afford  any  foundation  for  an  estimate  of 
the  thickness  of  the  solid  crust  of  the  globe.  When  I  read  M. 
Delaunay 's  paper  in  the  Comptes  EenduSy  I  was  much  pleased  to  find 

*  Commiinicated  by  Prof.  £.  Hall,  F.B.S.,  eto. 
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onaikable  a  oonfirmatiQn  of  ocmoltiBioiui,  to  which  I  had  been  long 
)  led,  and  whibh  I  have  developed  in  my  publicationsi  thus  eman- 
l  fix>m  such  an  eminent  mathematiGian.  At  the  time  I  thought  it 
xseflsazy  to  put  forward  any  claim  as  to  priority,  but  since  1868 
kve  noticed  that  several  geologists  have  quoted  M.  Delaunay's 
Its  as  if  they  were  unexpected,  and  1  may  therefore  be  excused 
oalling  the  attention  of  the  Academy  to  what  I  had  previously 
e  pubBa  In  my  "  Hesearchee  in  Terrestrial  Physics,"  published 
be  PAt2o<opftteal  TranBoctions  for  1851,  I  endeavoured  to  in- 
igate  the  structure  of  the  earth  by  the  aid  of  known  physieal 
mechanical  laws.  I  was  thus  led  to  reject  the  hypothesis 
lys  openly  or  tacitly  made  by  mathematicians  in  treating  of  the 
f's  figure,  namely,  that  the  particles  of  the  fluid  mass  from  which 
id  partly  solidified  underwent  no  change  of  position  during  the 
ess  of  solidification.  From  a  consideration  of  the  mechanical 
physical  properties  of  the  materials  of  the  earth's  crust  which 
blown  to  us,  I  was  led  to  conclude,  that  in  the  process  of  solidi- 
ion  of  the  crust,  its  interior  surface  would  assume  an  ellipticity 
•st  as  great  as  that  of  its  exterior  surface, 
conclusion  nearly  equivalent  was  announced  soon  afterwards 
I  distinguished  geometer.  Baron  Plana,  of  Turin,  in  a  paper 
rted  in  Schumacher's  ABtronomieche  Na^ihrichienj  No.  860.  This 
It  must  follow,  no  matter  what  may  be  the  law  of  density  of  the 
la  of  the  interior  fluid  nucleus,  because  the  removal  of  each  suc- 
ive  outer  stratum  by  solidification  and  adhesion  to  the  inner 
ice  of  the  crust  modifies  the  pressure  on  the  remaining  fluid  and 
vs  it  to  assume  a  shape  possessing  almost  the  same  ellipticity  as 
primitive  spheroid. 

I  the  investigation  made  by  Mr.  Hopkins  on  the  phenomena  of 
ession  and  nutation,  he  assumed  the  absence  of  friction  between 
lolid  shell  and  its  contained  fluid,  and  in  this  way  he  was  led  to 
)liBh  the  expression— > 

P-P=(l-;Wl_   JL 

re  P'  denotes  the  observed  precession,  P^  that  of  a  solid  homo- 
ous  spheriod  having  the  ellipticity  e^  equal  to  that  of  the 
's  outer  surface,  e  is  the  ellipticity  of  the  inner  surface  of  the 
,  the  other  letters  represent  functions  depending  on  the  density 


lie  shell  and  nucleus,  but  such  that  the  quantity  ^ 


miall  fraction,  always  much  less  than  unity.     The  application 
e  above  formula  to  the  question  of  the  thickness  of  tiie  earth's 

.  manifestly  depends  upon  the  value  of  the  fraction  -  .     In 
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order  to  determine  this  value,  Mr.  Hopkins  taciUj  assmned  dM 
hypothesis  which  I  rejected,  and  found  the  value  of  6  on  the  H^ 
position  that  it  contained  tiie  same  at  every  stage  of  the  esiVi 
solidification.    If,  in  aooordanoe  with  my  results,  we  make  €  end 
to  or  at  least  not  less  than  c^,  we  would  have  P'=P  or  P^/r|> 
values  so  entirely  different  from  the  observed  value  of  ptboosmi 
that  I  was  led  to  condude  ttiat  the  motion  of  rotation  of  the  onil 
and  its  contained  fluid  takes  place  nearly  as  if  the  mass  were  entire!} 
solid.      Six  years  afterwards  I  reiterated  the  same  result  in  thft 
Atlantis,  and  also  showed  from  independent  reasons  why  grMt 
friction  and  pressure  should  be  expected  to  exist  between  the  twi 
nucleus  and  the  inner  surface  of  the  crust.    At  the  meeting  of  Am 
British  Association,  at  Manchester,  in  1861, 1  took  an  opportonitf, 
in  the  presence  of  Mr.  Hopkins,  of  pointing  out  the  inconclnaiveiieM 
of  his  results  r^arding  the  internal  structure  of  the  earth,  and  I 
again  distinctly  repeated  my  former  conclusions.      Mr.  HopUiif 
promised  a  reply  to  my  remarks,  but  this  promise  has  never  beea 
fulfilled." 

It  appears  from  the  number  of  Nature  for  March  23'that  at  the 
meeting  of  the  French  Academy  of  Sdenoes,  on  the  Idth  of  Maidi, 
M.  Dclaimay  read  a  declaration,  stating  "  that  he  acknowledged  tint 
Mr.  Hennessy  had  used  the  same  arguments  as  himself  against  Mr. 
Hopkins's  theory  relative  to  the  flui£ty  of  the  interior  parts  of  the 
earth." 

11. — Beview  ajh)  Synopsis  op  the  C!ontbibutions  to  Fossil 
Botany  Published  in  Bbitaik  in  1870.' 

By  William  Carruthers,  F.L.S.,  F.G.S.,  of  the  British  Moseam. 

Carruthers,  W.— On  Fossil  Cycadean  Stems  from  the  Secondary  Rocks 
Britain.    Trans.  Linn.  Soc ,  vol.  xxvi.  pp.  675-708,  pi.  liv-UiiL 
After  investifjatinjj  the  nature  of  the  Palaeozoic  remains  referred  to  Cycadta,  tl 
author  describes  twenty-five  species  belonging  to  eight  genera.     Four  of  the  gene 
are  placed  in  one  or  other  of  the  tribes  of  the  existing  Cycads,  while  two  nc 
tribes  arc  established  for  the  remaining  genera. 

On  the  Petrified  Forest  near  Cairo.     Geol.  Mag.  VoL  VI 

pp.  306-310,  PI.  XIV. 
The  so-called  forest  is  described,  and  the  different  specimens  of  lilicified  woo 
found  in  it  are  referred  to  two  species  of  the  genus  Nicolia, 

— On  the  Structure  of  a  Fern-stem  from  the  Lower  Eocene 

Heme  Bay,  and  on  its  Allies,  Recent  and  FossiL     Quart  Joum.  GeoL  So 

vol.  xxvi.  pp.  349-353. 
The  stem  {OsmunJites  Dowkeri)  is  minutely  described,  and  comrared  with  th 
of  Osmunda  regalis^  L.     A  new  arrangement  of  some  described  Fern-stems  fro 
Palicozoic  and  Mesozoic  rocks  is  proposed  by  the  author. 
Dawson,  J.  W. — On  the  Pre-carboniferous  Floras  of  North-eastern  Americ 

with  especial  reference  to  that  of  the  Brian  (Devonian)'  Period.    Abstni 

•*  Proceedings  of  Ro^al  Society,"  May  5,  187a 
The  Erian  Flora  is  revised,  and  twenty- three  new  species  added.  Large  tron 
of  Prototaxites  were  described,  and  also  two  ^pecies  ol  Psilophyton^  with  details 
their  form,  structure,  and  fructification.  The  occurrence  of  LepitLophhUs  ai 
Calamodendroftj  noticed  for  the  first  time  in  the  Middle  Devonian ;  specimens 
Cyclostifpna  and  Cardiocarpum,  and  a  new  genus,  Ormoxyhn,  were  described. 

^  Reprinted  from  Tke  Journal  of  Botany  for  April,  187 1. 
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— ■ On  the  Gni|)]iite  of  the  LanreBtitn  Rocks  of  Canada.    Quart. 

JoDrn.  GeoL  Soc  toL  zxvl  pp.  iia-117. 
TEe  author  estbnatcs  that  the  quantity  of  carbon  in  the  Laurentian  is  equal  to 
Art  in  sunilar  areas  of  the  Carboniferons  systems.    This  carbon  has  been  obtained 
ion  the  deozidation  of  carbonic  add  by  plants,  and  consequently  indicates  the 
airtence  of  plants  side  by  side  ¥ri^  the  Eoatan. 
M'Mab,  W.  R.--On  the  Structure  of  a  Lignite  from  the  Old  Red  Sandstone. 

Trans.  BoL  Soc.  Edin.  vol  x.  p.  312. 
The  author  proposes  to  name  the  wood  which  he  describes  PaUtopUys  MUUrii, 
ft  was  found  by  Hu^  Miller  at  Cromarty. 
V<m  MuxLLBK,  F.,  and  R.  B&ough  Smyth.    Obserrationa  on  some  Vegetable 

Fooils  from  Victoria.  Gbol.  Mag.,  Vol.  VII.  p.  39a 
The  spfrimms  were  fruits  from  surface  deposits,  and  were  obtained  from  one  of 
&•  deep  leads  at  Haddon.  One  is  a  coniferous  fruit  allied  to  SoUnastrobus,  of 
Bowerbank,  to  which  the  name  of  Spondylostrobus  SmythU  is  given.  The  others 
fle  not  named,  but  suggestions  are  given  as  to  their  amnities,  and  these  indicate, 
Keording  to  Von  Mndler,  a  flora  analogous  to  that  of  the  existing  forest-belt  of 
Eastern  Australia. 

Williamson,  W.  C. -Contributions  towards  the  History  of  Zamiagigas^  LindL 
and  Hutt    Trans.  Linn.  Soc.,  vol.  xxvi.  pp.  663-674,  pi.  52,  53. 
The  author  gives  an  account  of  the  different  structures  which  he  believes  to 
belong  to  this  plant,  describing  in  detail  the  stem,  leaves,  and  male  and  female 


Syfupsis  of  thi  Genera  mnd  Species  described  in  the  preceding  Papers. 
FlUCBS. 

Ckeiepteris^  Quart  Joum.  Geol.  Soc  vol.  xzvL  p.  352. 

OtwnmdiUi  Dowkeri^  Carr.  Quart  Joum.  GeoL  Soc.  voL  xxvi.  p.  349.    Lower 
Eocene.    Heme  Bay. 

CrCADBiflL 

BennetHtes  Giisonianus,  Carr.  Trans.  Linn.  Soc.  voL  xxvi.  p.  681,  pL  Iviii-lx. 
Lower  Greensand.     Luccombe  Chine,  Isle  of  Wight 

B.  maximns,  Carr.  L  c     fVeaiden.    Isle  of  Wight. 

B,  PtacAianuj^  Carr.  1.  c  ;  pL  buL    Middle  OoUU,     Hehnsdale,  Sutherland- 
shire. 

B,  Partlandicus^   Carr.  L  c.  ;    pL   IzL     Lower  Puriteck,     Isle  of   Portland, 
Dorsetshire. 

B.  Saxbyanus^  Carr.  I.  c  ;  pi.  Ivii.     Wealden.     Isle  of  Wight 

Bucklandia  anomaia^  Presl,  Trans.   Linn.  Soc  vol  xxvL  p.  679 ;  pL  Uv.  fig. 
1-3.     IVealden,    Cuckfield,  Sussex. 

B,  Afantelliit  Carr.  1.  c. ;  pL  liv.  fig.  4.     Wealden,     Cuckfield,  Sussex. 

B.  Milleriana^  Carr.  l.c  ;  pi.  Iv.  fig,  I.     Coral  Rag,     Brora,  Sutherlandshirc 

B,  squamosa^  Brongn.  1.  c.    SionesfM  Slate*     Stonesfield. 

Crossotamia  Buvignieri^  Pomelf  1.  c.  p.  68a     Jurassic,     St.  Michel,  France. 

C  Moreatii^  Pomel,  L  c.    Jurassic.     St  Michel,  France. 

Manlellia  inclusa.  Can.  1.  c  p.  681 ;  pL  Ixiii.  fig.  2  and  3.    Lower  Greensand, 
Potton,  Cambridgeshire 

JIf.  intermedia^  Carr.  1.  c ;   pi.  Ixiii.  fig.  4  and  5.     Lorwer  Purbeck,     Isle  of 
Portland,  Dorsetshire. 

Af.  micropAylla,  Brongn.  1.  c  ;  pL  Ixiii.  fig.  6.     Lower  Purbeck,     Isle  of  Port- 
land, Dorsetshire 

Af.  nidiformis^  Brongn.  L  c. ;  pL  Ixiii.  fig.  I.    Lower  Purbeck,     Isle  of  Portland, 
Dorsetshire, 

Raumeria  Reickenbachiana^  Gopp.  1.  c  p.  682.    Formation  unknown.   Wieliczka, 
Gallida. 

R.  ScAulMtana,  Gopp.  1.  c    Formation  unknown.    Gleiwitz,  Silesia. 

Williamsonia  gigas,  Carr.  1.  c.  p.  680 ;  pi.  lii.  and  Uii.    Inferior  Oolite.    Scar- 
borough, Yorkshire. 

IV.  kastula^  Carr.  1.  c.     Inferior  Oolite.    Saltwick,  Yorkshire. 

W.pecten,  Carr.  l.c.     Inferior  Oolite.    Gristhorpe,  Yorkshire. 

Yatesia  crassa,  Can.  1.  c  p.  680 ;  pi.  Iv.  fig.  7.     Coral  Rag.  Brora,  Sutherland- 
shire. 
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V.  gracilis.  Can*.  1.  c  ;  pi.  Iv.  fig.  2.    Lias.     Lyme  Rqgis,  Dorsetshire. 

Y.  yoassiana,  Can.  1.  c. ;  pi.  Iv.  fig.  8  and  9.     Cpra/  Rag.     Bran,  Sotlief^aBd- 

shire. 
Y.  Morrisii,  Carr.  1.  c. ;  pL  Iv.  fig.  3-6.    Lavotr  Gremsand.     Potton,  Cambridg^ 

shire. 
Zamia  gigas,  Lindl.  and  Hutt.  Trans.  Linn.  Soc.  vol.  xxvL  p.  663 ;  pL  Bi.  tnd 

liii.    Inferior  Oolite.     Yorkshire. 

CONIFERiC. 

Ormoxylon,  Dawson,  Proc  Roy.  Soc.,  May,  1870. 
Palaopitys  Millerii,  M'Nab,  Trans.  Bot  Soc.  Edin.  vol.  x.  p.  312. 
Spondylostrobtis  Smythii,   Von  Muell.  Geol.   Mao.   VoL  ViI.  p.  39a    Arf- 
Tertiary.     Haddon,  near  Smythesdale,  Victoria. 

Angiospermous  Dicotyledons. 

Nieolia  Aigyptiaca,  Endl.  Geol.  Mag.  Vol.  VII.  p.  309,  PL  xiv.  Fig.  I  and  2. 

Tertiary.     Desert  of  Suez,  east  from  Cairo. 
N.  Owenii,  Carr.  Geol.  Mag.  Vol.  VII.  p.  310,  PL  XIV.  Fig.  3  and 4.  TerUarf- 
Desert  of  Suez,  east  from  Cairo. 


liE-VIE^WS. 


I.  —  Metallography  as  a  sepabate  Sgienoe,  ob  the  Studeht's 
IIandbook  op  Metals,  oonsistikg  op  Notes  op  Fifty-five 
Metals.  By  Thomas  Allen  Blyth,  M.A.,  Ph.  D.,  eto.  London: 
8vo.  pp.  128.     (Longmans,  Green,  Reader,  &  Dyer,  1871.) 

THIS  small  treatise  appears  to  consist  of  contributions  which  had 
previously   appeared  in  various  Magazines,  to  some  extent 
revised  by  the  author,  and  is  now  reprinted  in  a  separate  form. 

Tlio  design  of  the  work  is  a  useful  one,  and  is  intended  to  convey 
in  an  elementary  manner  the  general  character,  properties,  and  uses 
of  the  various  metals.  It  consists  of  68  chapters,  each  of  whichf 
except  the  £rst  three,  are  devoted  to  one  of  the  Metals,  arranged 
in  alphabetical  order.  The  first  three  chapters  are  devoted  to  the 
general  physical  characters  and  properties  of  the  various  metals, 
which,  we  think,  might  have  been  somewhat  more  extended  to  the 
benefit  of  the  reader,  inasmuch  as  when  treating  of  mettallio  lustre, 
specific  gravity,  fusibility,  or  crystallization,  the  author  does  not 
mention  the  different  kinds  of  lustre,  or  the  mode  of  taking  their 
specific  gravity,  the  various  degrees  of  hardness,  their  relative 
degrees  of  fusibility,  or  the  crystalline  forms  which  many  of  the 
metals  are  known  to  assume.^  Nor  does  he  distinctly  enumerate  all 
those  metals  which  are  found  in  a  native  state  from  others  which 
occur  merely  in  combination.  And  further,  the  author  does  not 
give  a  complete  list  either  of  the  native  metals  or  of  all  the  other 
elements  with  which  they  are  found  associated  in  nature.  Even 
amongst  those  that  are  mentioned  as  the  most  general  combinations 
are  oxygen  and  sulphur,  as  well  as  carbon  and  phosphorus :  the  two 
former,  either  as  oxides  or  sulphides,  are  very  abundant  in  the 

^  In  chapter  3,  a  brief  account  is  given  of  the  dUayi  of  metals  and  their  ^neral 
characters  as  to  their  density  and  fusibility. 
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neral  kingdom ;  bat  the  two  latter,  as  carbides  and  phosphides, 
)  of  excessively  rare  occurrence. 

The  only  one  mentioned  under  iron  is  the  carburet,  a  name  ap- 
ed sometimes  to  plumbago  or  graphite,  which  is  usually  placed 
mineralogists  in  dose  proximity  to  the  diamond  as  another 
iety  of  carbon;  the  iron  being  considered  to  be  only  mechanically 
zed  with  it,  inasmuch  as  the  iron  occurs  in  variable  quantities, 
lie  the  phosphides  have  only  been  found  native  in  meteoric  stones 
exceedingly  small  quantities ;  the  general  occurrence  being  that 
a  phosphate. 

Chapter  1st  contains  a  table  of  the  metals  alphabetically  arranged 
th  tiieir  symbols,  equivalents,  specific  gravity,  and  date  of  dis- 
reiy. 

In  the  last  Chapter  is  also  given  a  classification  of  metals,  based 
their  relative  affinity  for  oxygen,  as  also  according  to  the  nature 
their  oxides,  which  is  followed  by  a  very  brief  account  of  their 
)de  of  occurrence. 

Hie  author  has  evidently  a  strong  admiration  for  rhymes,  but  is 
t  always  equally  happy  in  the  selections  he  has  made ;  take,  for 
itanoe,  the  following,  signed  "  Eulalia  Gurson," — but  quite  worthy 
Mr.  Tupper, — on  the  metal  Potaasium,  p.  85  : — 

"  When  thrown  upon  water,  this  metal  i^ites, 
And  leaps  o*er  its  surface  with  yiolet-tin^  lights  ; 
Or,  if  upon  ice  this  substance  you  cast. 
It  will  melt  by  degrees  and  be  dissolved  at  last." 

[There  is  a  Glossary  of  eight  pages  devoted  to  the  explanation  of 
ounon  words,  to  be  met  with  in  most  dictionaries,  but  hardly 
lerving  the  name  it  bears. 


IL— AMERICAN  GEOLOGICAL  SURVEYS. 
{Continutd  from  page  180.) 
CPOBT  ON   THB  GbOLOOIOAX  SuHVKY  OF  THE   StATE  OF  loWA.      By*' 

C.  A.  White,  M.D.    Two  vols.  8vo.,  834:  pages,  and  numerou| 
Lithographic  Illustrations.     (1871.) 

TEDSSE  are  the  results  of  observations  made  in  the  years  1866 — 
1869,  at  an  expense  of  26,000  dols.  for  field-work,  and  of 
1,000  dols.  for  publication.  Iowa  bad  previously  issued  two  octavo 
ports  in  1859,  under  the  superintendence  of  Prof.  James  Hall, 
b.D.,  of  Albany,  N.Y.,  which  described  exclusively  the  geological 
itures  of  the  eastern  portion  of  the  State,  including  th^  sketch 
the  Mineral  Region  near  Dubique,  by  Prof.  J.  D.  Whitney.  Dr. 
Tiite's  reports  relate  chiefly  to  the  fields  not  explored  by  Professor 
all.  The  earlier  volumes  describe  the  fossils  so  far  as  they  were 
lown  ten  years  ago.  The  later  ones  contain  no  palaoontological 
tscriptions,  although  there  exists  in  private  hands  an  immense 
Qount  of  material,  chiefly  the  Mountain  Limestone  Crinoids  from 
e  vicinity  of  Burlington. 
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!nis  folloiring  ii  Dr.  White's  tatU  of  th*  formatJoni  of  Ibm  :- 

8T8TBU8.  GBOUFS.  FOBKATIONE  AoDRnii 

i.Af«.)  (AnW..)  (ft-rtt.)  tUd 

Pon-TaBiusT.  I^uir.  ufn 


CnUewnu. 


.Cod 


OirloniteoBi. ; 


\  Sn^-Carbonitbiow. 


i  Woodbury  StnditiMW  and  AsIm  _ 
Nkbtubotaa;  StndrtoB*  ...  _ 
SUowCMl-dManra  ...  _.  ., 
MiddlB  Cod-BMnM . 
Lomr  Coil-matmni 

iBt.  Lonii  TiimtafmiB  _.  
Kaofaik  IJnmtona...  ,.,  ...  „ 
Buriinfton  JimataM 
KindwluMk  bed*  ...  „  ..  „ 
Huoiltoo  iluklM  and  XioMitooft  ., 
NUgum  L' 


The  first  part  of  the  report  relates  to  FhyBical  Qeogntpli;  and 
Surface  Geology.  The  State  has  an  area  of  56,044  aqu&re  milea. 
The  surface  is  rolling,  but  ia  eBfleDtially  port  of  a  great  plain,  ooo- 
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IbiioiiB  firom  the  siirxonnding  States,  the  Talleys  having  been  eroded 
k  Glacial  Drift  deposits.  This  plain  averages  800  feet  in  height 
dbore  the  ocean ;  the  lowest  point  in  tlie  south-east  oomer  being  444 ft., 
Bid  the  highest  1,200  feety  thou^  more  than  a  thousand  miles  from 
As  sea.  ^ere  are  two  systems  of  river  drainage ;  about  one-third 
tf  the  streamB  flowing  south-westerly  into  the  Missouri  Biver,  and 
ibout  two-thirds  emptying  south-easterly  into  the  Mississippi  Biver. 
lakes  are  numerous,  generally  in  the  Drift,  rarely  rock-basins. 
Frequently  walls  of  boulders  from  two  to  ten  feet  high,  and  from 
fae  to  thirty  feet  wide,  ooour  on  the  borders  of  these  lakes.  They 
ware  called  "  Lake  Bamparts"  by  the  elder  Hitchcook,  and  seem  to 
liave  been  brought  into  their  present  position  by  the  expansion  of 
tibe  water  in  f reesing. 

The  Drift  is  common,  having  the  composition  of  the  ordinary 
Bonlder-clay,  without  stratification;  the  largest  surface-boulders 
ireig^  fifty  tons.  The  Drift  of  the  north-west  part  of  the  State 
oontains  proportionally  more  boulders,  pebbles,  and  sand,  while  that 
af  other  districts  shows  more  day  and  finely  comminuted  materials. 
Da  the  north-east  part  there  is  a  "  driftless  region,"  bordering  the 
KiaBUsippi  180  miles  long,  and  about  2,700  square  miles  in  area.  In 
ilia  boolderB  are  very  rare,  but  there  are  some  Drift-clays.  It  is  a 
of  the  driftless  area  of  over  30,000  square  miles  pointed  out 
k  G.  Peroival  and  J.  D.  Whitney  in  the  Geology  of  Wisconsin. 
ily  parallel  to  it  on  the  west  the  boulders  are  unusually 
The  maximum  thickness  of  the  Drift  is  from  150  to  200 
it  is  best  developed  along  the  dividing  ridge.  It  is  so  abun- 
in  the  north-west  quarter  of  the  State  that  the  underlying  forma- 
«ra  not  represented  upon  the  G^logical  Map  which  accompanies 
on  tiie  scale  of  twenty  miles  to  the  inch.  The  Drift  is 
J  of  northern  origin,  and  striae  are  found  in  only  four  out 
oonntiet.  Near  Burlington  and  generally  their  course  is 
JO**— 40^  R,  but  near  Council  BluflFs  they  run  S.  60^  W. 
ifl  thought  to  have  been  produced  by  glaciers.  The  "Bluff," 
cijgpoait,  overlies  the  Drift,  and  is  confined  to  the  Missouri  valley. 
part  of  a  continuous  band,  more  than  200  miles  in  lengtli,  and 
half  as  wide ;  it  is  a  sort  of  a  terrace,  and  composed  of  Silica, 
16 ;  Xron,  8*89 ;  Alumina,  6*7 ;  Carbonate  of  Lime,  9*66 ;  and 
closely  resembles  the  silt  of  the  Missouri  now  forming.  Pro- 
White  thinks  the  material  of  the  Bluff  came  from  the  calcareous 
ins  strata  along  the  upper  Missouri  river. 
'jDr»  D.  D.  Owen  was  the  first  to  publish  the  existence  of  Cretaceous 
in  Iowa,  but  Jules  Maroou  was  the  first  to  notice  it  away  from 
immediate  vicinity  of  Sioux  city.  The  beds  probably  covered  a 
Imzih  part  of  the  State,  though  but  a  few  patohes  of  it  are  repre- 
sented upon  the  map.  The  rocks  are  inooheront  sandstonos  and 
chalky  limestones.  Kemaius  of  Squaloid  Selachians,  Ptychodiu,  three 
Teleostei,  scales  of  a  Lepidoganoid;  InoceramuSy  Ostreay  and  Glohulina 
comprise  the  fauna  of  these  bedR.  The  Iowa  division  of  the  Creta- 
ceous is  the  south-east  extension  of  the  enormous  Cretaceous  area 
described  on  the  Upper  Missouri  by  Meek  and  Haydcn. 
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7*r.f  i\vi1-int>asurcs  in  America  are  not  usually  subdivided  by 

r^'-.-cii^^-  l'"*  ^"^  ^®T  naturally  divided  in  Iowa  into  three  portioni^ 

'- rvT  Mi^ltllo  and  Lower — the  latter  containing  the  principal  oosl- 

V:V  V'**s  the  two  lower  divisions  composed  of  sandstone,  shales  and 

,'-. :.  \y;$  of  limestones.     The  upper  portion  is  almost  entirely  a 

' -^^^.^u  *.io.  without  coal.     It  is  in  the  south-west  part  of  the  State. 

T^^  aivnoriil  dip   of    the    strata  is    south-westerly,   with    sevenl 

-^- r..'r  undulations.     Hence  the  opinion  of  a  synclinal  structure,  the 

^r.'.i'  limostouos  appearing  in  the  valleys  of  the  Missouri  and  Miip 

«.-<L-'r:  rivors,  is  no  longer   tenable,  even  though  upheld  by  ths 

,  .rVntv  of  Dr.  II.  B.  Goinitz,  in  1867.     If  Dr.  White's  identifr 

;^::'n»  ikhhI  ruvisiou,  the  um)er  limestone  would  be  referred  to  ths 

Vv:'*.v.:ui.     ^^f  that  the  reader  may  judge  after  the  enumeration  of 

\\-^  t\vtsil!«  thus  fur  discovered  in  it.     There  are  among  Selachian 

*Vr::!K  I  ho  ^Miora  Cladodus,  Diplodus,  PetaloduSy  Cfiomatodus,  Ftiri' 

\-.^*:\it,   Vi'trodaB,  IleloduSf  Fsammodm,  and  Dcltodug ;  of  Crustacea, 

Vn;.'i/M<ii.  lii'yrichia,  and  Cytherina;  of  Mollusks  numerous  CepKa- 

;.vv.ij(,  (uisteropodsj  IjameUibraivcldates^  and  Bryozoa,  whose  genera 

Atv  n«^t  iiHMitioued  ;  of  Brachiopods,  the  OrthidcB  are  represented  by 

^v.*M.«.  MrrMlaf  Jlemipronites,  and  Syntriclanna ;  the  Prodfutidahj 

}'Sy\tiu'tHH,  OwnetvB,  and  Aulostcges ;  the  SpiriferidtB  by  SpinftnL 

^,t,tiuui,  AttiifrUf  and  Rctzia;  Echinoids  and  Cyathocrinidae;  Corals 

)tv  ( \iinpophyUiimf  Axophyllunif  Zaphrentis,  and  Syringopora.    Fusjdmn 

«vuip(>Nt>M  roi^k  niuHBOH,  and  Amphi»iegina  is  present     The  middle 

^(iMNioii  liiiM  Mix  thin  l>cdH  of  coal,  the  largest  two  feet  thick.     The 

Ui^vor  «li vision  contains  five  beds  of  coal,  from  one  to  seven  feet 

(hii'k.     Of  <>l  Hiiniplos  of  coal  analysed,  when  undriod,  the  aA-erage 

iHHtMMitii^cH  wore  those:  of  moisture,  8'57;  of  volatile  combustiUe 

luntl''!".  .'•'.♦■-I  ;  of  lixod  carbon,  45*42;  of  ash,  6*77;  total  volatile, 

•I7H1  :    total    comhuHtiblo,  84'GG ;   coke,   52*19.     When  dried  the 

AVoi'Mp'M  of  tho  Nuinu  samples  were  as  follows :  of  volatile  combus- 

(ilili>.  I'-i'.*-;  oflixod  carbon,  49-70;  of  ash,  7-38;  total  combustible 

JJJti-  ;  roko,  r>2*0vS.     Tho  composition  of  the  coke  was  87*25  carbon, 

|l]*j;>  til'  mnIl 

Tho  Mi-ra  fovorod  by  tho  outcrop  of  the  Coal-measures  is  a  little 
liiNH  (liiui  liuif  tho  Stuto,  and  in  no  i>ortion  of  it  would  valuable  beds 
iirooiil  Im»  found  l>olow  1000  feet  from  the  surface.  Hence  Dr.  White 
iiii^!>^^m*m(h  lor  tho  l>t*nofit  of  the  people  of  the  State,  tliat  future  wants  in 
(hii  tliirftion  of  fuel  can  bo  easily  supplied  from  their  own  territory. 
Tho  "  Mouninin  Limestonos*'  of  Iowa  arc  well  known  on  account 
III'  llio  lirMUliful  Crinoids  abounding  in  tho  Burlington  beds.  Wach- 
Huiulh'H  collutMion  of  them  contains  fifty  genera  and  three  hundred 
and  Nixlv-Nix  H|HH;ios.  Tho  topmost  moinbor,  the  Chester  Limestone, 
In  not  found  in  Iowa.  Tho  Keokuk  and  Burlington  Limestones  dia- 
iippiNir  in  NUtHVHHion  as  one  passes  north-westerly,  while  the  over- 
lyin^  St.  liouis  liiniostone  is  persistent,  and  is  found  coextensive 
willi  tlu«  Kindorhook  beds.  It  thcroforo  overlies  the  three  members 
iNiniMitli  it  unoonfonnably. 

Noar  l'*orl   Oodgo  is  an  extensive  deposit  of  g}*psum,  with  only 
i  jH«r  cunt,  of  Ibroigu  matters,  which  covers  an  area  of  about 
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tvanty-five  square  miles,  while  it  varies  from  ten  to  thirty  feet  in 
fliiolniess.  Its  age  is  uncertain,  as  it  lies  upon  the  Goal-meaiaires. 
It  was  from  a  block  of  this  rock  that  the  notorious  imposition  called 
"Osrdiff  Oiant "  was  carved. 

Hie  lowest  rook  in  the  State  is  called  the  "  Sioux  quartzite,"  of 
vUdi  only  about  fifty  feet  thickness  is  exposed.  It  is  probably  of 
Hnronian  age,  and  contains  no  fossils. 

The  two  volumes  of  this  Beport  are  full  of  special  details  re- 
ipeoting  the  several  formations  throughout  the  State.  It  is  per- 
ncoously  written,  and  reflects  great  credit  upon  the  State  and 
tte  anther.  The  latter  suggests  that  more  work  is  required  to  set 
lath  pnnperly  the  Geology  of  the  Coal-measures  and  the  Palceonto- 
kgj.  tlLT,  O.  H.  St.  John  has  been  the  geological,  and  Mr.  Bush 
Aneiy  the  chemical,  assistant. — C.  H.  H. 

Clh  be  eantmuedj 


PaIiSOHTOORAphioal  Sooixtt. — Annual  Qeneral  Meeting  held  in 
the  Apartments  of  the  Geological  Society,  Somerset  House,  London, 
Msnsh  31, 1871,  Dr.  J.  S.  Bowerbank,  F.B.S.,  President,  in  the  Chair. 

Aqporl  of  the  CoundL — ^In  presenting  their  Twenty-fourth  Annual 
Beport,  the  Council  have  again  to  congratulate  the  Members  on  the 
oontinned  well-being  of  the  Society.  In  the  matter  of  Subscriptions 
Ae  progress  has  been  highly  satisfactory,  the  addition  of  new  names 
having  more  than  balanced  the  loss  arising  from  the  absence  of  old 
and  valued  friends — an  absence  occasioned  by  the  lapse  of  time,  and 
not  through  any  want  of  confidence  or  interest  in  the  yearly  memoirs. 
Madh  care  has  been  bestowed  to  lessen  the  arrears  and  to  publish  the 
annual  volumes  with  greater  regularity ;  that  this  endeavour  has  not 
been  in  vain,  may  be  shown  by  the  fact  that  the  volume  for  1870 
was  wholly  printed  off  by  the  close  of  last  year,  and  that  for  1871 
is  in  so  advanced  a  state  that  it  will  be  issued  before  the  winter. 
Hie  voliune  for  1870,  now  completely  distributed  and  forwarded  to 
sll  members  not  in  arrear  of  subscriptions,  was  rich  in  information 
and  illustrations ;  produced  at  a  cost  of  more  than  £650,  it  has  added 
174  species  to  those  already  catalogued.  (For  a  full  account  of  this 
Tolnme  see  the  Gxological  Maoazinx  for  April  last,  p.  175,  which 
iIbo  contains  a  notice  of  Mr.  Thos.  Davidson's  great  work,  with  a 
memoir  of  that  eminent  Palaeontologist,  p.  145.)  The  volume  for 
1871  has  most  of  its  plates  ready  and  a  |)art  of  its  text  in  type ;  its 
contents  will  embrace  memoirs  from  the  pens  of  Prof.  Owen,  Prof. 
Duncan,  Dr.  Lycett,  Dr.  Wright,  Mr.  Binney,  Mr.  Woodward,  and 
Messrs.  Boyd  Dawkins  and  Sanford,  and  will  treat  of  the  Ljuanodan, 
the  Oolitic  Corals,  the  TrigonicBy  the  Coal  Plants,  the  Older  Crustacea, 
and  the  Pleistocene  Mammalia.  The  preparation  of  forthcoming 
Monographs  has  not  been  neglected.  During  the  last  twelve  months 
upwards  of  36  plates  have  been  drawn  upon  stone  and  copper  in 
iunstration  of  works  connected  with  this  and  future  years.    Of  these 


^^^  RepwrU  and  Proeeedingi. 

v.««.  « *^*  ^^'^^'^^  boon  witnesses  of  the  tronbles  on  tiie  Contmeoi 

.>^'   ^^^^^>«  oinployod  for  the  plates  of  the  Trigoniae,  designed  in 

-V  Kv  «^'<^*  i"  ^n'nt  haste  carried  away  from  that  city  previoas  to  the 

. .  V- 1  lupp^^y  c^^^P^^  ^^  Switzerland  without  damage.    The 

^  :>.N-.  ,*i'  luvirly  a  quarter  of  a  century,  during  which  the  Society 

v,.x    A.^(iti^uHl.    has   produced    good    fruit    in    Palaeontograpbicil 

,. ,.  -.•:h  ilmuigh  the  mutual  co-operation  of  the  authors  and  the 

,.<wN<:\*tx  of  the  Society.     There  is  some  satisfisction  in  the  thought 

.\4.    \ho  Miiiiop-aphs  on  the  Corals,  the    Polyzoa  of  the  Cng, 

.K'   t\'t(i:iry  Kchinmlermata,   the  fossil   Cirripedes,    the    Tertiary 

««x*   \'ivtmMM)nH    Entomostraca,  the  fossil  Eatheriit,   the   Tertiary, 

^>vi:«^>HMtN.  Oolitic,  LiaHHic,  Permian,  Carboniferous,  Devonian,  and 

T^iV.iM:!!!  hriu!hi()po(la,  the  MoUusca  of  the  Crag,  the  Great  Odito 

V«*Mii'u*tt,  tho  fuKHiIs  of  the  Permian  formation,  the  Beptilia  of  the 

\oMiliMi  (Hay,  tho  Keptilia  of  the  Cretaceous,  Wealden  and  Purbeck 

t>nnjiti«>iiH,  and  tho   foHsil  Mammalia  of  the  Mesozoic  formations, 

^\«t\  I'll  iiKfiitionod  RH  subjects  which  have  been  completed,  and  wbidi 

«\«u  Imi  Nopfiratcfly  l)ound  as  finished ;  and  that  the  Flora  of  the  Car- 

tsMtiri«niuH   foniiation,  the  Crag  Foraminifera,  a  Supplement  to  the 

t\*ialH.  tho  Kcliinudormata  of  the  Oolitic  and  Cretaceous  fommtions, 

tho   I'ltNHil   MoroHtomata,  tho  Trilobites,  the  Eocene  Mollusca,  tlie 

Hiilntuiiiltm,  tho  Fishes  of  the  Old  Red  Sandstone,  the  ReptUia  of  the 

KiiiHiii'iidp)  (Hay  and  of  tho  Lias,  the  Pleistocene  Mammalia,  and 

I  hit  (N'liii'CH  of  tho  Crag,  aro  in  course  of  publication.     Seventy 

|i|iiti'H,  iiKiNily  )i(0()n^Tig  to  works  in  preparation  and  not  yet  issued, 

III  It  iilnti  in  Htoc.k,  foroHhadows  of  future  contributions  to  the  yearly 

vuliiiiK'N.     Alrnuly  £10,987.  7a.  Qd,  have  been  expended  in  the  fnr- 

lhi«niin'n  nf  tho  ohj(>ut  designed  by  the   founders  of  the   Society. 

Hinm  (ho  coininoiicfincnt,  in  the  year  1847,  24  volumes  have  been 

iNNiinil,  Hiul   ;(,71S  N])orios  have  been  illustrated  by  1,044  plates, 

Id^.nlhtT  with  niuny  woodcuts,  embracing  altogether  19,547  figures, 

ntnl  iuroiii)iiinitMl  liy  (),7r>9  pages  of  text.     In  conclusion,  the  Council 

link   (ho   inriiihi«rN  to  oo-opcrate  with  them  in  obtaining  new  sub- 

urt'ilitMN.     So  national  a  work,  so  carefully  written  and  prepared,  so 

lullv  ilhiNtrattMl,  ohuiiis  public  support.     Scattered  far  and  wide  are 

I  ho  iniMiioriiilH  of  forinor  organisms,  silent,  yet  ready  to  speak  when 

ill VI iK I'll  hv  the  ardent  student  of  nature. 

'riii»  Jul  lowing  is  a  list  of  tho  Council  duly  elected  for  the  ensuing 
ytmr\  I'nsldnit :  J.  S.  Boworbank,  LL.D.,  F.R.S.,  F.G.S.  Vtee- 
tut'iiiilriitii :  M.  W.  Bimiov,  Esq.,  F.U.S.,  F.G.S. ;  T.  Davidson,  Esq., 
v.  U.S..  K.iJ.S. ;  Prof.  Owen,  M.D.,  F.K.S.,  F.G.S. ;  T.  Wright,  M.D., 
I'Mf.S.I';..  F.CJ.S.  Council:  J.  J.  Bigsby,  M.D.,  F.R.S.,  F.G.S.;  Sir 
Antonio  Hrmly.  F.CJ.S. ;  Prof.  P.  M.  Duncan,  M.B.,  F.R.S.,  F.G.S.; 
Hir  I*,  do  M.  <r.  EgoHon,  Rirt.,  F.G.S.,  V.P.G.S. ;  R.  Etheridge,  Esq., 
KtJ.S. ;  .1.  W.  Fh>wor,  Esii..  F.G.S.;  R.  A.  C.  Godwin -Austen, 
KHq..  K.irS.,  V.r.(J.S. ;  Sir  W.  V.  Guise,  Bart.,  F.G.S. ;  J.  W.  Tlott, 
Kk«i.  ;  J.  (Jwvn  Ji'tTrovs,  Esq..  F.R.S.,  F.G.S.;  H.  Lee,  Esq.,  F.L.S., 
K(i.S.  ;.l.  PiVkoring,  Ew]. ;  J.  Brest  wich,  Esq.,  F.R.S.,  Pres.  G.S.; 
Pn>f.  Tonimnt.  K.Ci.S,,  F.Z.S. ;  Capt.  Tyler,  F.L.S..  F.G.S. :  H.  Wood- 
fgjgd,  Kw/..  F.G.S..  F.Z.S.  Trcamrer:  Searles  Wood,  Esq.,  F.G.S. 
aiy  /  J«ov.  T.  Wiltshire,  M.X.,  Y.Q.^. 
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GsoiXKiiaAL  SociiTT  OF  LoNDOK.— L  Marob  8,  1871. — Joseph 
Piertwibh,  Esq.,  F.B.S.»  President,  in  the  Chair.  The  following 
oommimioation  was  read : — 1.  <'  On  the  Bed  Bocks  of  England  of 
older  date  than  the  Triaa."    By  Prof.  A.  C.  Bamsay,  LLJ).,  F.B.S., 

The  author  stated  that  the  red  colour  *bf  the  Triassic  beds  is  due 
to  peroxide  of  iron,  which  encrusts  the  sedimentary  grains  as  a  thin 
peUiale.  This  could  not  have  been  deposited  in  an  open  sea,  but 
nllier  in  an  inland  salt  lake  or  lakes.  ThQ  peroxide  of  iron,  which 
steinB  the  Pennian,  Old  Bed  Sandstone  and  Gambrian  rocks,  is  be^ 
Bered  by  the  author  to  have  been  deposited  in  the  same  manner,  in 
inlaiid  waters,  salt  or  fresh. 

Agreeu^  witii  Mr:  Gk)dwin- Austen,  the  Old  Bed  Sandstone  was  of 
Lacnatrine  origin.  The  absence  of  marine  sheUs  helps  to  this  con- 
dnnon.  The  fish  do  not  contradict  it,  for  some  of  their  nearest 
firiiig  congeners  li^e  in  Afncan  and  American  rivers. 

The  life  of  the  Upper  Silurian  deposits  of  Wales  and  the  adjoining 
difltriots  eontinued  in  fuU  force  up  to  the  passage-beds,  which  mark 
tte  change  from  Silurian  to  Old  Bed  Sandstone.  In  these  transition 
atimla^  genera,  species,  and  individuals  are  often  few,  and  dwarfed  in 
flbonn.  Near  Ludlow  and  May  Hill  the  uppermost  Silurian  strata 
contain  seeds  and  fragments  of  land-plants,  indicating  the  neighbour- 
hood of  land,  and  the  poverty  of  numbers  and  the  small  size  of  the 
d&ella  a  change  in  the  condition-  of  the  waters.  The  fish  of  the  Old 
Bed  Sandstone  also  indicate  a  change  of  condition  of  a  geographical 
kind. 

The  circumstances  which  mark  the  passage  of  Silurian  into  Old 
Bed  Sandstone  were  as  follows ; — First,  shallowing  of  the  sea,  so 
that  the  area  changed  into  fresh  and  brackish  lagoons,  afterwards 
oonv^rted  into  great  fresh- water  lakes.  At  the  present  day  marine 
■pecieB  are  occasionally  found  living  in  fresh  water,  as  for  example 
in  the  Swedish  lakes.  The  same  may  have  been  the  case  in  the  Old 
Bed  Sandstone  period.  The  Old  Bed  Sandstone  waters  at  their 
beginning  are  comparable  to  the  Black  Sea,  now  steadily  freshening ; 
or  the  Caspian,  once  united  to  the  North  Sea,  if  by  a  change  of 
amount  of  rainfall  and  evaporation  it  freshened  by  degrees,  and 
finally  became  a  fresh-water  lake. 

The  Permian  strata,  to  a  great  extent,  consist  of  red  sandstones 
and  marls  in  the  greater  part  of  England ;  and  the  Magnesian  Lime- 
stone of  the  north  of  England  is  also  in  less  degree-  associated  with 
red  marls.  These  do  not  occur  in  the  same  districts  of  England, 
excepting  in  Lancashire,  where  a  few  beds  of  Magnesian  Limestone 
are  interstratified  with  the  marls.  The  sandstones  and  marls  being 
red,  the  colouring-matter  is  considered  to  be  due  to  peroxide  of  iron, 
poesibly  precipitated  from  carbonate  of  iron,  introduced  in  solution 
mto  the  waters. 

Land-plants  are  found  iti  some  of  the  Permian  beds,  showing  the 
neighbourhood  of  land.     No  mollusca  are  found  in  most  of  the  red 
beds,  except  a  brachiopod  in  Warwickshire,  and  a  few  other  genera 
in  Lancashire,  in  marls  associated  with  thin  bands  of  M.Qkigii<^%\Asi 
\ameaton0. 


I, 


llio  tmoM  of  amphibumB  are  like  tlioae  found  in  the  Kenper  Snd-  i 
■Miio.  VIE..  (Radyodom  Ilofdii,  and  Labyiinthodont  foo^>rint8  in  tib  I 
VaIo  of  I*idon  and  at  Corncockle  Moor,  printed  on  damp  sm&oe^ 
IHih!  ill  tlie  Bun,  and  afterwards  flooded  in  a  way  common  in  alt 
Ukiii-     rsoudomorphoua  crystala  of  salt  and  gypemn  help  to  tin 

II10  tiiolluMons  faona  of  Lancaahire,  small  in  nmnber,  in  udi 
i^n^H^  roMombles  the  fiAona  of  the  Caspian  Sea.  The  fanna  of  flu 
M,Hi:"«'<*iAn  Limestone  of  the  East  of  England  is  more  nomerooii 
<H>ni pricing  thirty-five  genera  and  seventy-six  species,  bat  wonder 
Atllv  nmtricted  when  compared  with  the  Carboniferous  &mi^  Tbe 
ii|Hviin<*"H  are  generally  dwarfed  in  aspect,  and  in  their  poverty  mij 
\^^  (Huuparod  to  the  Caspian  faona  of  the  present  day.  Some  of  flu 
Hull  ol'  tlio  Marl-slate  have  strong  affinities  to  Carboniferoos  gBaen, 
wliioli  may  be  supposed  to  have  lived  in  shallow  lagoons,  bordend 
liy  |M*iity  flats ;  and  the  reptiles  lately  described  by  Messrs.  Howie 
iJiil  Hancock  have  terrestrial  affinities. 

lUtNidoB  the  poorness  of  the  Mollusoa,  the  Magnesian  Limestone 
^H*tiiN  to  afibrd  other  hints  that  it  was  deposited  in  an  inland  eilt 
liikti  Hubjoct  to  evaporation.  Gypsum  is  common  in  the  intentrsp 
llllod  marls.  In  the  open  sea  Umestone  is  only  formed  by  orgtnk) 
^(tMxr.y,  for  lime,  in  solution,  only  exists  in  small  quantities  in  eoA 
%  hulk  of  water;  but  in  inland  salt  lakes  carbonates  of  lime  tnd 
iiiHI^iirNia  might  have  been  deposited  simultaneously  by  concentra- 
iidii  of  NohitioiiB  duo  to  evaporation.  Some  of  the  Magnesian  Lime- 
uUnw  NtratA  huvo  almost  a  tufaceous  or  stalagmitic  aspect,  as  if 
(loiioNittMl  from  Holution. 

Thn  ( liimhrian  strata  also  show  some  evidence  of  not  being  troe 
iimriiKf  (lo|Mmiti4.  Thoy  are  purple  or  red,  like  the  other  strata  pre- 
vioiiNly  N|M)kon  of;  and  tho  surfaces  of  the  beds  sometimes  exhibit 
sun  (M'lu'kH  and  rain-pittings.  The  trilobite  Palaopyge  Bamsaffi  ie 
(lonNiilrnul  l)y  tho  author  to  be  an  accidental  marking,  simuli^ing 
tho  lot  ni  of  a  trilobito ;  and  the  fossils  of  St.  David's  are  found  in 
^roY  h«'<lm  whioh  may  mark  occasional  influxes  of  the  sea,  due  to 
OHPillutioiiN  of  lovol. 

'I'htf  l\>rt^going  reasonings,  in  the  author's  opinion,  lead  to  the  con« 
(iluMJon  that  a  continental  area  existed  more  or  less  in  the  northern 
linniiNplioro  from  the  close  of  the  Silurian 'to  the  end  of  the  Triassic 
ppoi'h.  and  that  this  geographical  continuity  of  land  implies  probable 
CMintinuity  of  continental  genera. 

Thoro  is  therefore  no  palsBontological  reason  why  the  Hyperih 
dapt'doUf  Telerpeton,  and  Siagonolepis  of  the  Elgin  country  should 
Im)  conHidored  of  Triassic  age,  especially  as  the  beds  in  wluch  they 
occur  arc  stratigraphically  inseparable  from  the  Old  Bed  Sandstone. 

Finally,  terrestrial  and  marine  European  epochs  were  rapidly 
ruviowod. 

1.  Tlio  Cambrian  epoch  was  probably  fresh  water. 

2.  Tlio  Old  Kod  Sandstone,  Carboniferous,  Permian,  and  Trias 
wen)  Ibrmod  during  one  long  continental  epoch. 

■MlThis  was  brought  to  an  end  by  partial  submergence  during  Ae 
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nftflrio  epoch ;  and  by  degrees  a  new  continental  area  arose, 
lined  by  the  great  continent  rivers  of  the  Purbeok  and  Wealden 
ies,  as  shown  in  various  parts  of  Eorope. 

B.  This  continent  was  almost  entirely  swallowed  up  in  the  Upper 
eteceons  seas. 

i.  By  subsequent  elevation  the  Eocene  lands  were  formed,  and 
ih  this  continent  there  came  in  a  new  terrestrial  fauna.  Most 
Hie  northern  half  of  Europe  since  then  has  been  continental,  and 
teneBtrial  £iuna  essentially  of  modem  type. 
IS,  according  to  ordinary  methods,  we  were  to  classify  the  old 
iTCsfarial  fiiunas  of  North  America,  Europe,  Asia,  and  probably  of 
Hoa»  a  PalsBoeoic  epoch  would  extend  from  Old  Bed  Sandstone  to 
eelden  times,  and  a  Neozoic  epoch  at  least  from  the  Eocene  period 
the  present  day.  The  Upper  Cretaceous  strata  would  at  present 
nain  mudasmfied.  The  marine  epoch  would  also  temporally  be 
rided  into  two,  PalsBozoic  from  Laurentian  to  the  close  of  the 
nnian  times,  and  all  besides  down  to  the  present  day,  would  form 
!Teo8oic  series.  Tlie  generic  gape  between  the  two  begin  already 
be  filled  up.  The  terrestrial  and  the  marine  series  at  their  edges 
meaent  overlap  each  otiier. 

Tbe  great  life-gaps  between  the  two  terrestrial  periods  may  some 
J  be  filled  up  l^  the  discovery  of  the  traces  of  old  continents 
otaining  intermediate  developments  of  structure  as  yet  undis- 
vered. 

DncfnuiON.— Prof.  Huxley  waa  pleased  to  find  that  tbe  author,  on  physical 
ttidf,  extended  some  yicws  which  he  himself  had,  from  other  reasons,  Drought 
era  the  Society.  He  mentioned  that  there  had  lately  heen  found  in  the  fresh- 
tan  of  Australia  a  remarkahle  fish,  which  had  heen  deserihed,  he  thought 
onecNialy,  as  a  Ofnttodus,  hut  which,  in  many  essential  characters,  was  a  DipUrus, 
qgh  alhed  in  some  respects  to  Phanerepleuron.  In  other  rcroects  it  was  connected 
ii  Ztpidtmren.  It  was  ahout  to  he  fully  described  by  Dr.  Giinther.  The  dentition 
this  fish  is  coriouBly  similar  to  that  of  the  Deronian  Dipterua;  and  its  existence, 
fhoD^t,  corroborated  Prof.  Ramsay's  argument.  He  agreed  with  the  author 
to  his  news  respecting  the  terrestrial  fauna  of  ancient  iam&t,  and  was  quite 
pmd  for  the  disoorery  of  mammalian  remains  in  earlier  formations  than  those  in 
wk  they  are  at  present  known.  He  did  not  so  cordially  ai^ree  with  his  riews  as  to 
t  marine  ftnma.  He  would  carry  back  the  forms  from  which  those  of  the  present 
'  an  immediately  derived  to  Cretaceous  rather  than  Eocene  times.  Between  the 
teeeouB  and  the  Liassio  strata  there  was  what  appeared  to  he  a  middle  group, 
eeedine  the  Palaosoic. 

ifr.  Etheiidge  commented  on  the  dwarfed  condition  of  our  Permian  fauna,  which 
raapoDds  in  the  main  with  that  of  the  continent,  though  with  fewer  genera  and 


hot,  Rupert  Jonea  protested  against  some  of  the  reasons  adduced  for  regarding 
le  of  the  areas  cited  as  having  been  inland  lakes,  though  no  doubt  such  lakes  must 
«  existed.  He  thought  that  mere  colour  could  not  be  taken  as  a  criterion.  If  it 
le,  he  inquired  why  Uie  bottoms  of  the  present  lakes  were  not  red  ?  Many  of  the 
rocks  were,  moreover,  full  of  marine  fossils.  He  contended  for  the  true  trilobite 
ncler  of  BaUgopyge  Banuayi,  and  mentioned  its  occurrence  and  that  of  Lingtda 
tigitua  in  red  Cambrian  rocks  as  proving  the  marine  character  of  the  beds.  The 
encsian  Limestone  he  aUo  insistca  upon  as  a  purely  marine  and  open  sea  deposit. 
?Tof.  Morris  thought  the  subject  required  furtner  consideration  before  the  whole  of 
if.  RamsaVs  views  were  accepted.  The  Cambrian  beds,  for  instance,  containing 
at  beds  or  conglomerate,  seemed  such  as  could  only  be  due  to  marine  action,  and 
lid  derive  their  red  colour  from  the  decomposition  of  the  old  homblendic  gneisa 
n  which  they  were  derived.     With  regara  to  the  Red  Sandstone,  he  would 
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xv(\\M\w  whvih<r  the  ct^lour  mi^t  not  be  deriTcd  from  the  deoompontioB  of  rodi 
wiu^K^xt  ot*  hornhlfmlw  maWnalt.  The  Old  Red  Sandstone  bedi,  thoiu^  in  tkii 
^v-juu\  vviKaiiiiikic  Ibhee  whkh  might  be  of  freah-water  genera,  bad  in  Romia  the 
Muu*  lUhvv  M»\vi«i«^  with  marine  theUa;  and  mnch  thenme  was  the  caae  in  the  Trim. 

1^1  I'ai^vutvr  had  b«vn  led  to  the  cowlorion  that  whererer  there  was  an  inknd 
nv4  sN'uv.svuxl  «i(h  ih^  iHvan  bj  a  emut  even  of  moderate  depth  there  was  a  doable 
cuiivM\  ivtfrJtu^  w  |»v«vive  *>mV  degree  of  similarity  between  the  waters 4>f  tiie  tvo, 
lb,'  ,U  UixttNV  oi'  ^i^^xnlic  (^raTity  in  the  Mediterranean  as  compared  with  the  Atlantie 
ts.t  ■  <  tVui  A»  I  0.'«>  to  1*029.  In  the  Red  Sea,  where  so  litUe  fresh  water  came  in, 
A>i  J  '.  ^ :  V  « Ji>  an  e\apitration  of  nearly  ei^t  feet  per  annnm,  the  water  was  bat  little 
».i  .  t  ■/  i'.i  t^At  of  the  ocean  with  which  it  was  connected.  In  the  Baltic  there  is  sn 
wu.U  !\  u.*.vu(  inwards,  which  still  keeps  it  brackish ;  for  otherwise  the  influx  of  freih 
«^.s-.  «A4  «\t  cnormoosly  in  excess  of  the  ersimratioii,  that  it  would  long  ago  hsTS 
Xn  vMv  (vrftvtiy  fresh.    Such  facts  bore  materially  on  the  specnlatiotts  of  the  author. 

\'  tj>;.  Sprat t  msiDtaincd  that  in  the  Dardanelles  there  was  not  a  trace  of  such  sn 
uuJviviirivnt  as  mentioned  by  Dr.  Carpenter.  In  the  winter  months,  when  the  iowof 
thci  i\  i'r»  into  the  Black  Sea  waji  for  the  most  part  arrested  hj  ice,  the  salt  water  of  the 
Mi>hU'rrHnoan  was  carried  into  the  inland  boss,  and  these  being  much  deeper  than  the 
chdiiiK'I  o(  the  Dardanelles,  the  salt  water,  by  its  greater  specilc  j^rity,  remained  in 
tho  hottoni  of  the  sea  of  Marmora,  so  that  while  Uie  upper  portion  of  the  water  and 
that  on  the  shores  were  fresh,  marine  conditions  existed  m  the  deep  centre  of  the  sea. 

I)r.  Duncan  mentioned  that  in  certain  coral  reefs  interaected  by  freshwater  cv- 
rt'Utii,  the  corals  still  continued  to  be  formed ;  so  that  the  existence  of  dwarfed  formi 
of  corals  in  ancient  times  was  quite  consistent  with  modem  facts. 

Mr.  Forl>e8  commented  on  the  chemical  features  of  Prof.  Ramsay's  TiewB,  and 
could  sec  no  reason  why  the  beds  contaimng  iron  should  not  hare  bemi  depoeited  in 
tho  open  sea.  Many  beds,  for  instance  the  Gault,  contain  more  iron  than  those 
which  are  now  red,  though  they  may  be  grey  or  blue.  In  sands  the  grains  are  often 
coloured  only  superficially  with  iron,  prorably  deriyed  from  sutphatea.  In  other 
cascri  the  bauds  consist  of  fra^ents  of  rocks  already  r^  There  was,  in  fact,  no 
rcuKon  why  the  beds  deposited  in  the  open  sea  might  not  subsequently,  by  oxidation, 
become  perfectly  red. 

Trof.  Kamfuiy  replied  to  the  remarks  of  the  yarious  speahers,  and  summed  up  by 
eontruAtini^  the  usual  colour  of  marine  fossiliferous  beds  with  that  of  the  thick,  almo^ 
nou-fuHsiliiurous  rocks  of  which  he  had  "been  treating. 

IT.  Marcli  22nd,  1871. — Prof.  John  Morris,  Vice-PrcBident,  in  the 
Chair,  llie  following  communications  were  read : — 1.  "  On  the 
•  J'aHsage-beds '  in  the  neighbom-hood  of  Woolhope,  Herefordshire, 
and  on  the  discovery  of  a  new  species  of  EurypteruSy  and  some  new 
Land-plants  in  them."     By  the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S. 

The  author  described  as  tho  "  passage-beds  "  between  the  Silurian 
and  Old  Bed  Sandstone  formations  near  Woolhope,  a  series  of  shales 
and  sandstones,  which  at  Purton  attain  a  thickness  of  about  17  feet 
Hero  the  section  includes,  in  descending  order:  1.  Thin-bedded 
luuulstoncs ;  2.  Dark  brownish  shales ;  3.  Yellow  Sandstone ;  4. 
Olive  shales;  5,  Tliin-bedded  sandstone;  6.  Olive  shales,  similar  to 
No.  4.  At  some  localities  vegetable  remains  {Lycopodiies,  and  per- 
haps Fsilophyion)  occur  in  the  olive  shales,  which  also  contain 
aovoral  Crustacean  fossils,  including  Ft^irygoUiB  Banksii  and  a  new 
•iMicics  of  Ewypterus,  named  by  Mr.  Henry  Woodward  E.  BrodkL 
U]X)n  this  species  Mr.  Woodward  presented  a  note  supplementary  to 
Mr.  Brodie's  paper. 

DiHcrssioN. — Dr.   Duncan  inquired  whether  anj  metamorphosei  had  been  re- 
cognized amonf^  the  £urvpterid«,  and,  if  so,  whether  the  variation  in  the  Uiencic 
'  '  'ioned  by  Mr.  Woodward  might  be  connected  with  them. 

iward,  in  reply,  remarked  on  the  difkulty  of  distinguiahing  the  aezei  in 
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Borypteridtt.  The  thorade  pUte  in  the  foasil  species  no  donbt  yaried  in  fonn  in 
nude  and  female,  as  it  is  found  to  do  in  the  recent  King  Crabs,  and  this  yariation 
^t  be  connected  with  sex.  In  some  Slimonia  from  Lesmahaso  the  onl  j  difference 
«  fonnd  was  in  the  thoracic  plate,  and  it  bad  been  snffgeetea  by  the  speaker  that 
I  was  dne  to  difference  of  sex.  He  had  also  suggested  that  the  small  PUrygotua 
the  great  Slmonia  might  be  only  the  male  and  female  forms  of  the  same  species, 
;reat  diTeraity  in  size  between  the  male  and  female  existing  in  many  liTing 
itaceans — ^the  males,  too,  haying  clasping  organs  for  holding  the  female — of 
eh  tiie  chelate  antennsB  of  Pterygotus  might  be  the  homolo^es.  On  fragmentary 
ains  it  was,*  howeyer,  unsafe  to  attempt  to  generalize;  but  he  thought 
ypterut  BrotUei  was  a  well-marked  species. 

Ley.  H.  H.  Winwood  inquired  whether  there  was  any  eyidenoe  as  to  Mitryptenu 
ir  fresh-water  or  marine. 

'he  Chairman  obseryed  that  the  seeds  from  the  passage-beds  did  not  appear  to 
I  other  than  those  of  land-plants,  and  had  be^  preyiously  described  Dy  Dr. 
iker  as  spore-cases  of  Lycopodiaoese. 

3.  **  On  the  Cliff-sections  of  the  Tertiary  Beds  west  of  Dieppe  in 
rmandy  and  at  Newhaven  in  Sussex."  By  William  Whitaker, 
^•,  B.A.,  F.Q.S. 

rhe  author  gave  details  of  the  sections  of  the  Tertiary  beds  at 
I  above  places,  and  noticed  the  occurrence  of  London  day.  Below 
B  formation,  at  Dieppe,  is  a  mass  of  sand,  the  same  as  that  of  the 
id  Haven  beds"  in  East  Kent,  but  here  less  markedly  divided  from 
I  day  above ;  and  beneath  this  sand  come  the  estuarine  shelly 
ys,  &o,  of  the  Woolwich  beds. 

[n  the  older  accounts  of  the  Newhaven  section  a  much  less  thick- 
is  of  the  Tertiary  beds  is  chronicled  than  may  now  be  seen ;  indeed 
)  successive  descriptions  end  upwards  with  higher  and  higher 
Is,  owing  to  the  destruction  of  the  coast  and  the  wearing-back  of 
I  diff  into  higher  ground,  the  highest  point  seeming  to  have  been 
last  reached. 

Sere  the  Oldhaven  sand  is  absent,  but  the  Woolwich  clays  are  in 
later  force  :  and  the  ditch  of  the  new  fort  shows  some  very  irre- 
lar  masses  of  gravel,  more  or  less  wedged  into  those  days. 
Both  sections  show  the  comparatively  wide  extent  of  like  condi- 
(18  to  those  of  the  Woolwich  beds  of  West  Kent 

)i8cugsioN. — The  Chairman,  in  inyitingdiscussion,  called  attention  to  the  existence 
tertiary  beds  of  similar  character  near  Epemay  and  Bheims,  and  in  other  parts  of 
nee. 

Ir.  Eyans  remarked  on  the  bearing  which  this  extension  of  soft,  yielding  strata 
on  the  excayation  of  the  Channel.  The  disturbances  in  the  sands  and  clays 
ht  be  due  to  the  sprines  haying  formerly,  owing  to  the  diBtance  of  the  sea  and  the 
r-yalley  not  hayine  been  excayated,  stood  at  a  higher  leyel,  and  haying  thus 
ened  or  eyen  washed  away,  the  bed  beneath  the  grayels. 

£r.  Pattison  mentioned  that  in  all  the  combes  alongtbe  French  coast  towards 
port  there  were  traces  of  soft  Tertiary  beds,  possibly  Thanet  sands. 
Ir.  Whitaker,  in  reply  to  a  question  ^om  the  Chairman,  stated  that,  to  the  best  of 
belief,  the  sandstones  at  Dieppe  were  not  calciferous.    The  sands  were  aboye  the 
olwich  beds,  and  therefore  not  Thanet  sands. 

3.  "  On  New  Tree  Ferns  and  other  Fossils  from  the  Devonian." 
Prof.  J.  W.  Dawson,  LL.D.,  F.K.S.,  F.G.S. 
Fhe  author  referred  to  the  numerous  species  of  ferns  known  in  the 
iper  and  Middle  Devonian  of  America,  and  to  the  fact  that  he  had 
tcribed  several  large  petioles  as  probably  belonging  to  arborescent 
ides,  and  also  two  trunks  covered  with  aerial  roots,  viz«,  Fsaroniua 


^ 
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Erianus  and  P.  textUis,    He  also  referred  to  CatdcpterU  PeaekU  of 
Salter  as  the  only  tree-fern  known  in  the  Devonian  of  Europe. 

He  then  described  remains  of  four  species  of  tree-fema  in  oolleo- 
tions  communicated  to  him  by  Dr.  Newberry  of  New  York.  The 
first  of  these,  Caulopieris  Lockwoodi,  was  found  by  the  Ber.  Mi. 
Lockwood  at  Gilboa,  the  locality  of  the  Psaronites  already  mentioned, 
in  rocks  of  the  Chemmig  group.  It  is  a  fragment  of  a  well-cha- 
racterized stem,  with  parts  of  five  petioles  attached  to  it,  and  asso- 
ciated with  remains  of  the  leaves.  It  must  have  been  entombed  in 
an  erect  position,  and  is  not  improbably  the  upper  part  of  one  of  the 
species  of  Psaronius  from  the  same  locality. 

The  second  species,  Cavlopteris  anUqtM,  Newberry,  is  of  much 
larger  size,  but  less  perfectly  preserved.  It  is  a  flattened  stem  on 
a  slab  of  marine  limestone  from  the  Comiferous  formation  in  the 
lower  part  of  the  Middle  Devonian  (Erian)  of  Ohia 

The  third  species,  Protopteris  peregrina,  Newberry,  is  from  the 
same  fomuition  with  the  last,  and  constitutes  the  first  inBtanoe  of 
the  occurrence  of  the  genus  to  which  it  belongs,  below  the  Carbon- 
iferous. The  specimens  show  the  form  and  arrangement  of  the  leaf- 
scars,  the  microscopic  structure  of  the  petioles,  and  also  the  arrange- 
ment of  the  aerial  roots  oovering  the  lower  part  of  the  stem. 

The  fourth  species  is  a  gigantic  Bhachiopteria,  or  leaf-stalk,  evi- 
dently belonging  to  a  species  quite  distinct  from  either  of  the  above, 
and  showing  its  minute  structure.  It  is  no  less  than  four  inches 
wide  at  the  base.  In  the  cellular  tissue  of  this  petiole  are  rounded 
grains  similar  to  those  regarded  by  Corda  and  Carruthers,  in  Carbon- 
iferous Olid  Eocene  specimens,  as  starch  granules. 

In  addition  to  these  species,  the  paper  described  a  new  NoBgge- 
raihia  (N.  Gilhoensis),  and  noticed  a  remarkable  specimen  from 
Caithness,  in  the  collection  of  Prof.  Wyville  Thomson,  throwing 
light  on  the  problematical  Lycopodites  Fantixemtt  of  America ;  also 
interesting  specimens  of  Pnhphyton  and  other  genera  seen  by  the 
writer  in  the  collection  of  Mr.  Peach  of  Edinburgh. 

Discussion. — Dr.  Duncan  doubted  the  desirability  of  basing  generic  and  spedfio 
terms  on  imperfectly  prescired  and  indistinct  specimens,  and  pointed  oat  toe  dii- 
agrccments  among  botanists  that  had  resulted  from  so  doing.  He  would  prefer  calling 
fossils  such  OS  those  described  **  cryptogamous  forms  from  certain  strata."  He  was 
doubtful  also  whether  the  supposed  petrified  starch  was  not  merely  orbicular  nlez. 

The  Chairman  remarked  on  the  four  different  conditions  exhibited  by  existing  tree 
ferns — first,  with  roots  running  down  the  stem ;  secondly,  the  lower  pMntion  with 
oval  scars;  those  are,  thirdly,  further  up  the  stem,  rhomboidal  Tertically;  and 
fourthly,  higher  up  still,  rhomboidal  horizontaU? ;  so  that  were  the  plant  (oml,  dis- 
tinct genera  and  species  might  be  founded  upon  the  different  parts. 

Geologists'  Association. — ^Evening  Meeting,  4th  April,  1871. 
The  Rev.  Thos.  Wiltshire,  M. A.,  F.G.S.,  etc.,  President,  in  the  Chair. 
1.  A  paper  was  read  by  Messrs.  Alfred  and  R  Bell,  "On  the  English 
Crags,  considered  in  reference  to  the  stratigraphical  divisions  indi- 
cated by  their  Invertebrate  Fauna."  In  this  paper  the  authors  object 
to  the  divisions  of  the  Crag  series  at  present  adopted,  and  especially  to 
the  series  of  beds  termed  "  Red  Crag."     For  their  modified  divisions 

ly  propose  the  terms  Upper,  Middle,  and  Lower  Crag,  and  they 
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wpported  their  aTgnments  by  newly-prepared  lists  of  the  Mollosoan 
and  other  remains,  collected  by  themselves.  Professor  Morrisi  Messrs. 
Woodward,  Lobley,  Leighton,  Evans,  etc.,  took  part  in  the  discus- 
fkm  which  followed  the  reading  of  Messrs.  Bell's  paper. — [This  paper 
will  probably  be  reprinted  in  fall  in  the  Gbologioal  Maoazins  for 
June  next]  * 

2.  The  next  paper  read  was  by  Professor  Tennant,  F.G.S.,  eta, 
^  On  South  African  Diamonds,"  illustrated  by  a  large  series  of  rough 
and  polished  diamonds  from  South  Africa,  Brazil,  eta  In  the  dis- 
onflsion  which  followed  Professor  Morris,  the  Bev.  Thos.  Wiltshire, 
and  Mr.  Babone  took  part  Mr.  Babone  has  just  returned  from  the 
Diamond  Fields,  and  gave  an  account  of  the  operations  now  in  pro- 
gress. The  district  in  which  Diamonds  occur  is  perhaps  20,000 
square  miles  in  extent,  and  not  fewer  than  13,000  persons  are  en- 
gaged in  searching  for  these  gems  at  the  present  time. 

Vitii  of  the  Oeolagista*  Aasociation  to  Cambridge. — On  Monday, 
the  10th  of  April  last  a  considerable  number  of  the  members  of  the 
Cteologists'  Association  visited  Cambridge  for  the  purpose  of  in- 
specting the  Woodwardian  Museum  and  &e  exposures  of  Cretaceous 
strata  in  the  neighbourhood.     On  arriving  at  Cambridge  the  party 
proceeded  at  once  to  the  Woodwardian  Museum,  where  they  were 
met  by  the  Bev.  Dr.  Cookson,  Master  of  St.  Peter's  Collie,  the 
Bev.  Thos.  Wiltshire,  M.A.,  President  of  the  Association,  Prof.  Morris, 
the  Bev.  T.  G.  Bonney,  M.A.,  Fellow  of  St  John's  College,  the 
Bev.  Osmond  Fisher,  M.A.,  and  Mr.  Harry  Seeley,  F.G.S.  as  repre- 
sentative of  the  venerable  Professor  Sedgwick,  who,  much  to  his 
regret  was  prevented  being  present.     The  fine  collection  of  fossil 
Mollusca  from  the  district  was  ably  described  by  Mr.  Bonney,  and 
the  Beptilian  remains  were  the  subject  of  an  interesting  discourse  by 
Mr.  Seeley,  after  which  Professor  Morris,  in  the  G^logical  Lecture 
Theatre,  delivered  an  address  on  the  Geology  of  the  country  around 
Cambridge,  which  was  listened  to  with  great  attention  and  interest 
by  a  large  audience.    The  afternoon  was  devoted  to  a  visit  to  the 
Coprolite  workings  and  other  excavations  at  BamwelL    Proceeding 
along  the  banks  of  the  Cam  a  fine  section  of  Pleistocene  deposits, 
yielding  mammalian  remains  and  the  usual  species  of  Mollusca,  was 
reached.     This  exposure  exhibits  some  beautiful  examples  of  **  false 
bedding,"  and  many  granite  and  other  boulders  from  the  "  drift " 
were  here  seen.     A  very  extensive  excavation  in  the  Gault  capped 
by  a  thin  deposit  of  Upper  Greensand,  was  next  visited.    The  Gault 
excavated  for  brick-making  purposes,  is  exposed  to  a  depth  of  70 
or  80  feet,  and,  from  the  evidence  of  well- sinkers,  it  is  here  probably 
200  feet  thick.     Fossils  are  rarely  met  with  in  the  Gkiult-clay  at 
this  place,  though  in  other  localities  this  formation  is  very  fossil- 
iferous.    Lying  on  the  Gault,  at  its  junction  with  the  Upper  Green- 
sand  beds  before  mentioned,  occurs  the  stratum  containing  the  phos- 
phatic  nodules,  or  "  Coprolites,"  for  which  this  locality  is  famous, 
and  which  were  first  noticed  as  being  valuable  for  agricultural  pur- 
poses by  the  late  Professor  Henslow.    At  a  short  distance  from  this 
excavation  the  Coprolite  workings  are  found  on  all  sides.    Lideed, 
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the  whole  of  the  land  is  here  being  systematically  explored  for  these 
valuable  nodules,  which  lie  at  an  average  of  six  or  seven  feet  from. 
the  surface.  One  field  after  another  is  taken  in  hand,  the  waafyob 
soil  removed,  the  Coprolite  bed  of  about  twelve  inohes  in  thickness 
is  then  taken  out,  the  soU  is  carefully  replaced  on  the  sur£EU)e,  and 
the  field  is  then  again  ready  for  tillage.  The  so-called  ''Coprolites" 
are  washed  by  horse  power  to  remove  the  sand  and  loam  in  which 
they  are  embedded,  and  then  they  are  ready  for  conversion  into 
manure.  A  considerable  number  of  fossils,  chiefly  Brachiopods, 
Terebratula  biplicata  being  most  abundant,  were  obtained.  The 
party  returned  to  Cambridge,  and  in  the  evening  were  most  hospit- 
ably entertained  at  St  John's  College  by  the  Bev.  T.  G.  Bonney, 
M.A.,  Fellow  and  Tutor  of  the  College. — On  the  following  day, 
Tuesday,  the  11th,  Upware,  between  Cambridge  and  Ely,  was  visited. 
At  this  place,  situated  in  the  fens  and  near  to  the  river  Cam,  very  in- 
teresting sections  have  been  exposed  in  consequence  of  the  s^Eurch 
for  Coprolites.  The  Gault,  which  here  becomes  very  thin,  has  been 
cut  through,  and  Lower  Greensand  strata  reached.  In  the  latter 
deposit  at  the  top  of  the  Gault,  a  bed  abounding  in  ''  Copro- 
lites" is  found,  and  this  bed  contains  characteristic  Lower  Green- 
sand  fossils,  together  with  several  new  species  of  Brachiopods, 
described  by  Mr.  J.  F.  Walker,  B.A.,  P.G.S.  Cropping  out  within 
a  very  short  distance  from  this  exposure  of  Gttult  and  Lower 
Greensand  is  a  remarkable  rock  full  of  fossil  corals,  which  has 
hitherto  been  called  Coral  Eag,  but  which  Mr.  Hany  Seeley,  who 
has  devoted  great  attention  to  the  strata  of  this  district,  considers  to 
be  of  Kimmeridgian  age.  This  rock,  to  which  Mr.  Seeley  has  given 
the  name  "  Upware  Limestone"  is  underlain  by  "  Ampthill  Clay," 
which  would  appeca*  to  be  the  equivalent  of  the  Coral  "Eiag  of  Oxford- 
shire, Wiltshire,  Dorsetshire,  etc.  The  Brachiopods  in  the  Infira- 
Gault  coprolitic  bed  are  abundant,  especially  Terebratvla  sella,  T. 
pralongQy  and  Waldhetmia  or  Terehraiella  Davidsoni,  many  fine 
specimens  of  each  of  which  species  were  obtained.  The  drive  back 
to  Cambridge,  twelve  miles  through  the  fens,  was  quickly  and  agree- 
ably accomplished,  and  the  party  returned  to  London  highly  gratified 
witli  tlieir  visit  to  Cambridge.  During  May  the  Association  will  visit 
Oxford,  Grays  in  Essex,  and  Yeovil  in  Somersetshire. — J.  L.  L. 

Geological  Society  of  Glasgow. — L  The  ordinary  monthly 
meeting  of  this  Society  was  held  in  Anderson's  University,  on  Thurs- 
day evening,  5th  January.  Mr.  Edward  A.  Wunsch,  Vice-president, 
in  the  Chair. 

Mr.  James  Thomson,  F.G.S.,  read  a  paper  "  On  the  Occurrence  of 
Ccelacanthns  lepiurus  at  Newarthill,  and  Palceaniscus  Wardii  at  PossiL" 
He  bi-icfiy  described  the  scales,  fin-rays  and  head  plates  of  Codacom' 
thus,  which  had  been  found  in  a  detached  form  in  the  neighbouring 
coal-measures,  and  which  the  examination  of  a  nearly  entire  specimen 
from  the  Staffordshire  coal-field  had  now  enabled  him  to  identify. 
It  occurs  in  the  upper  members  of  the  Carboniferous  system  in  Soot- 

d,  in  a  shale  overlying  the  Ironstone  of  the  Airdrie  coal-field. 
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Thomaon  then  exhibited  speoiinens  of  BhizodopiU  sauraidei, 
leentrwn  granubtum,  and  Platysomus  parvvlu8  from  the  Stafibrd- 
ooal-fieldy  observing  that  the  soales  of  Rhizodopms  had  been 
in  onr  Soottiah  coaL-beds,  but  as  yet  no  oomplete  specimen  of 
»il  had  thenoe-  been  obtained. 

Toong  said  it  was  worthy  of  being  noted  that  three  of  the 
oolites  referred  to — the  CcelacafUhus,  PakBoniseus,  and  PlaUf$<muB 
the  three  most  charaoteristio  forms  of  fish  life  in  the  imme- 
r  sacoeeding  formation,  the  Permian  or  New  Red  Sandstone, 
three  were  the  principal  forms  that  were  continued  from  the 
ariod  to  the  other.  With  that  system,  most  of  these  forms 
nt»  and  are  not  met  with  in  any  subsequent  formation. 


-February  2nd,  1871.  Mr.  John  Toong,  Yice-President,  in 
lair.  The  Society  elected  office-bearers  for  the  ensuing  year, 
-President:  Professor  John  Toung,  M.D.,  F.G.S.  rtc6- 
eiUs :  Messrs.  E.  A.  Wiinsch,  J.  Toung,  and  James  Thomson, 
Secretaries :  Messrs.  D.  Bell  and  John  JBums.  Treasurer : 
)hn  Wight,  C.  A.  Librarian :  Mr.  Thomas  Naismith. 
rleston  Phosphates. — A  collection  of  phosphates  firom  Charles- 
nited  States,  was  exhibited  by  the  Bey.  J.  F.  Potts  and  Mr. 
ith,  together  with  some  large  fossil  teeth,  vertebne,  etc.,  from 
me  locality.  Mr.  Potts  stated  that  large  quantities  of  these 
lates  are  being  used  in  America,  and  also  imported  into  this 
y,  for  the  manufacture  of  artificial  manures.  The  (Specimens 
table  had  been  collected  from  some  cargoes  lately  brought  to 
yde.  The  deposit  from  which  they  are  taken  is  found  along 
nks  of  many  of  the  rivers  in  South  Carolina,  and  immediately 
the  surface  soil  of  .the  land  lying  between ;  and  is  supposed  to 
ie  a  large  portion  of  the  coast  and  sea-island  region  of  that 
f  America.  It  consists  of  layers,  vaiying  from  six  inches  to 
1  feet  in  thickness,  of  irregularly  rounded  nodules,  mixed  up 
n  immense  quantity  of  bones — ribs,  yertebrse,  tusks— of  various 
i  of  animals,  all  more  or  less  petrified.  The  nodules  yield  fifty 
y  per  cent,  of  bone  phosphate ;  while  from  some  of  the  bones 
:h  as  eighty  to  eighty-five  per  cent,  of  this  fertilizing  substance 
)en  obtained. 

Chairman  said  there  could  be  no  doubt  this  remarkable  deposit 
>sphate8  belonged  to  the  Tertiary  period,  and  probably  its 
-  division,  the  Eocene.  The  Tertiary  formation  is  largely 
ped  along  the  southern  coast  of  North  America,  stretching  in  a 
f  considerable  breadth  from  North  Carolina  to  the  Gulf  of 
3,  and  leaving  the  coast  line  only  at  the  delta  of  the  Mississippi. 
then  gave  an  interesting  account  of  the  Cetacean  and  Squaloid 
IS  which  characterize  this  remarkable  deposit. 
%l  Botdders  and  Boulder- clay. — Mr.  Kobert  Craig  read  a  paper 
lie  Boulders  found  in  cuttings  on  the  Beith  Branch  Bailway, 
ered  in  relation  to  their  parent  Bock ;  with  observations  on  the 
iharacter  of  the  Boulder-day.' 


» 
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m.  Maroli  2nd,  1871.— Mr.  John  Young,  Vioe-Praaident,  in  the 
Chair. 

Coast  Section  at  Arran. — ^Mr.  E.  A.  Wnnsoh,  V.P.,  read  a  pAP^  <A 
a  section  of  the  northern  shore  of  Arran,  giving  an  aoooont  of  some 
transported  blocks  of  Limestone  whioh  he  had  observed  thero  duzing 
the  previous  summer.  After  describing  the  remarkable  suooessioQ 
of  deposits  which  had  made  that  part  of  Arran  olassio  ground  for 
the  geologist,  he  referred  more  particularly  to  a  charaoteriBtic  bed  of 
Limestone  found  near  the  Salt  Pans,  on  the  north-eastern  shore  of  the 
island.  This  Limestone  is  of  a  deep  red  colour,  and  is  fall  of  the 
shells  of  Producto— especially  Produeta  lati$$ima — ^together  with 
fragments  of  Enerinites  and  other  organisms.  The  bed  ia  very 
regularly  jointed,  and  breaks  up  into  beautiM  cubical  masses.  He 
had  noticed  several  detached  boulders  and  smaller  fragments,  down 
to  minute  pebbles,  of  this  Limestone  at  various  distanoes  along  the 
shore,  sometimes  in  sheltered  bays,  and  as  fiEur  as  four  or  five  miles 
from  the  parent  bed.  One  block  of  oonsideraUe  sise,  to  whioh  at 
present  he  wished  to  call  attention,  he  had  observed  a  little  above 
high-water  mark,  fully  a  mile  from  the  original  deposit,  and  within 
a  quarter  of  a  mile  of  the  beds  of  volcanic  ash  whioh  he  had 
formerly  described.  It  had  been  drifted,  most  probably  by  floating 
ice,  over  a  massive  ledge  of  sandstone  and  indurated  shale  inter- 
vening between  it  and  the  sea,  and  projecting  above  the  general 
inclination  of  the  shore. 

The  Chairman  said  there  could  be  little  doubt  that  the  various 
boulders  of  Airan  rocks  found  perched  on  the  old  raised  sea-beach 
which  fringes  the  coast  of  the  island  had  been  carried  and  dropped 
into  their  present  position  by  coast-ice  during  the  Glacial  period, 
wlien  the  land  stood  at  a  lower  elevation  than  at  present.  Miony  of 
the  boulders  are  of  large  size,  and  have  been  carried  by  drifting  ice 
to  veuious  parts  of  the  coast,  distant  from  where  the  roc^  occur  in 
situ, 

Mr.  James  Thomson,  F.O.S.,  read  a  paper  on  the  ooouiience  of 
Stigmaria  steUata  (Eichwald)  in  the  Lower  CarboniferouB  series,  at 
WUdshaw,  in  the  Upper  Ward  of  Lanarkshire. 

Natural  History  Sooiibty  of  Montbeal. — ^The  fifth  nionthly 
meeting  of  this  Association  was  held  on  Monday  evening,  27th 
February,  the  President,  Principal  Dawson,  F.B.S.,  in  the  Chair. 

Principal  Dawson  exhibited  illustrations  of  '*  some  new  facts  in 
fossil  Botany."  The  following  is  an  abstract  of  his  remarks: — 
The  first  point  mentioned  was  the  occurrence  in  the  Devonian  Shales 
of  Kettle  Point,  Lake  Huron,  of  beds  containing  immense  quantities 
of  spore-cases,  probably  of  Lepidodendron,  These  beds  are  referred 
by  the  Geological  Survey  to  the  horizon  of  the  Genesee  shales  of 
New  York,  and  are  stated  to  be  twelve  or  fourteen  feet  in  thickness, 
and  to  extend  over  a  considerable  area  of  country.  Specimens  in  the 
collection  of  the  Survey  show  that  the  bituminous  matter  which 
causes  the  combustible  quality  of  the  shale  is  due  entirely  to  the 
ense  quantities  of  spore-cases  present,  which  under  the  micro- 
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Boope  appeftr  as  flattened  discs  soaroely  more  than  one  hundredth  of 
am  inch  in  diameter.  Specimens  of  the  trunks  of  Lepidodendr&ii^ 
Vdtkeimiainivm  and  CaXamites  inomaiuB  occur  in  the  same  beds.  This 
is  probably  the  oldest  bed  of  fossil  spore-cases  known ;  but  in  later 
geological  periods  similar  beds  occur ;  the  Tasmanite  or  "  white 
ooal "  of  Tasmania,  which  consists  of  spore-cases  of  Ferns,  being  a 
notable  instance.  Prof.  Huxley  has  recently  directed  attention  to 
the  abundance  of  spore-cases  and  spores  in  some  English  coals. 
Smilar  bodies  occur  in  American  coab,  particularly  in  those  of 
Ohio;  but  though  they  are  found  locally,  and  in  some  layers  in 
great  numbers,  ttiey  do  not  constitute  the  mass  of  the  matenaL  It 
IB  to  be  observed  also  that  the  ooal-making  properly  of  these  bodies 
is  due  to  a  chemical  composition,  which  they  share  with  all  cortical 
or  epidermal  tissues.  Dr.  Hunt  has  kindly  prepared  a  table  for  the 
author,  showing  the  composition  of  the  corky  matter  or  suberin 
which  forms  the  cuticle  of  plants,  and  the  walls  of  spore-cases.  This 
■abstance  is  almost  identical  in  composition  with  bituminous  coal, 
and  is  besides  yeiy  indestructible  and  impermeable  to  water.  These 
qualities  cause  it  to  be  especially  suited  to  the  production  of  coal ; 
and  this  perfectly  accords  with  the  results  arrived  at  by  the  author 
many  years  ago,  and  published  in  his  papers  on  the  structure  and 
mode  of  accumulation  of  coal  in  the  Quarterly  Journal  of  the  G^- 
logical  Society  of  London,  viz.,  that  coal  consists  mainly  of  cortical 
or  epidermal  tissues  ;  ordinary  cellular  matter  and  wood  proper 
being  comparatively  unimportant  in  its  production.  Details  on 
these  points  will  be  given  in  a  paper  shortly  to  appear  in  the 
American  Journal  of  Science.  The  author  next  referred  to  the  dis- 
covery of  specimens  indicating  the  existence  of  three  or  four  species 
of  tree  ferns  in  the  Upper  and  Middle  Devonian  rocks  of  New  York 
and  Ohio.  Descriptions  of  these  plants  will  probably  appear  in  the 
Ptoceedings  of  the  Oeological  Society  of  London,  and  in  the  forth- 
coming report  of  the  Greology  of  Ohio,  by  Professor  Newbeny. 

Dr.  T.  Sterry  Hunt  made  some  remarks  on  the  subject,  and  gave 
an  interesting  account  of  the  chemical  composition  of  these  spore- 
cases,  and  of  the  cuticle  and  cortical  layer  of  plants  generally. 

Diamonds  in  New  South  Wales  and  America, — Mr.  A.  R.  C.  Selwyn, 
Director  of  the  Geological  Survey  of  Canada,  read  a  paper  on  "  The 
Occurrence  of  Diamonds  in  New  South  Wales,"  by  Mr.  Norman 
Taylor,  late  of  the  Geological  Survey  of  Victoria,  and  Professor 
Thompson,  of  the  University  of  Sydney.  The  authors  state  that  the 
Diamond  Drifts  are  on  hills  above  the  present  river-bed,  and  are 
overlaid  by  from  thirty  to  forty  feet  of  basalt  These  hills  greatly 
resemble  the  bcdsaltic  hills  in  some  gold  districts  in  Victoria.  The 
underlying  rock  is  Upper  Silurian  or  Devonian,  intersected  by  Green- 
stone dykes,  and  the  whole  watershed  to  the  Cudgegong  Valley  is 
carboniferous,  resting  in  places  on  granite.  The  carboniferous  rocks 
are  full  of  Glossopteris,  Sphenopteris,  etc.  The  authors  are  of 
opinion  that  the  diamonds  are  not  of  drifted  origin,  but  that  they 
have  been  formed  where  they  are  now  found.  There  is  no  ''Itacolu- 
mite"  or  "Psammite."    The  works  were  commenced  in  1869|  and 
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6,000  diamonds  have  been  oolleoted  in  one  disiaicty  extending  about 
seven  miles  along  the  valley  of  the  Cadgegong  river,  in  latitude  33^ 
south.  The  view  of  the  diamond  having  been  formed  in  the  Tertiaiy 
drift  deposits  coincides  with  the  view  expressed  by  Dr.  Hartt  on  iha 
subject  in  his  recent  work  on  the  Brazils. 

Dr.  Hunt  gave  a  succinct  acooimit  of  what  is  known  up  to  ilie 
present  time  with  regard  to  the  geological  history  of  the  diamond. 
In  India,  Brazil,  Virginia,  North  Caurolina,  Oregon  and  Europe, 
diamonds  have  been  found  associated  with  other  gems,  and  with  gold 
in  drift  deposits.  He  said  that  the  original  matrix  of  the  gem  wbb 
not  clearly  ascertained,  but  that  he  was  inclined  to  the  view  that  it 
would  be  found  to  be  in  the  oldest  geological  formatioHS,  possibly  in 
veins  in  granite.  He  stated  that  he  had  carefully  examinad  many 
samples  from  the  Chaudi^re  gold  regions^  bat  failed  to  deted 
diamonds  in  any  of  them. 

The  meeting  was  a  good  one,  and  the  several  papers  were  listened  to 
with  a  great  deal  of  interest. — Monlrtal  Daily  WitnesUf  March  1, 1871. 
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Sib, — I  wish  to  enter  a  protest  against  the  statement  of  a  friend 
of  your  correspondent,  Mr.  Wollaston,  that  the  Cumberland  hillf 
resemble  '^  great  heaps  of  rubbish  shot  out  of  a  cart,"  for  no  district 
in  England  shows  more  distinctly^  even  to  the  most  untrained  eye, 
how  valleys  have  been  cut  out  of  pre-existing  "plains  of  marine 
denudation,"  by  the  long-continued  agency  of  running  water,  which 
has  cut  vertically  deeper  and  deeper,  until  portions  of  the  plain,  his 
''heaps  of  rubbish,"  were  separated  by  gorges  and  valleys  often 
2,000  feet  in  depth. 

In  regard  to  the  glaoiation  of  the  district,  the  question  between 
Mr.  Mackintosh  and  some  other  geologists,  is  not  whether  the  Lake 
country  is,  or  is  not  moutonneed,  but  how  it  became  so,  whether  by 
icebergs,  as  suggested  in  1828  by  Mr.  Maclaren,  to  account  for  the 
glaciation  of  Scotland,  and  held  by  Mr.  Mackintosh  to  have  been  the 
glacial  agent  in  the  Lake  District,  or  by  a  cap  of  land-ice,  as  sug- 
gested  by  Mr.  CroU,  universally  wrapping  over  mountain  and  valley, 
or  by  land-ice,  in  the  form  of  small  ice-sheets,  and  large  glaciers,  as 
held  by  myself,  not  wholly  filling  up  the  valleys,  but  entirely 
covering  the  lowland  plains  moving  from  the  mountains  of  Cumber- 
land towards  the  Solway  Firth,  and  southwards  over  the  Lancashire 
and  Cheshire  plains,  and  over  much  of  what  is  now  sea  to  the 
Mountains  of  Wales.  On  the  glaciated  rock  surfiEu^es  in  the  plain, 
rest  indiscriminately  lower  Boulder-clay,  sand  and  gravel,  and  upper 
Boulder-clay,  proving  that  all  those  deposits  are  of  later  date  than 
the  period  of  land-ice,  which  clearly  occurred  before  the  submer- 
gence, all  the  above  deposits  being  of  marine  origin,  and  roughly 
corresponding  to  the  **  Stratified  Drift  of  Scotland/'  described  by 
Mr.  Geikie,  F.R.S. 
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rhe  Shap  Fell  boulders  occiirring  in  Yorkshire  are  found  in  the 
rple  Clay  of  Mr.  S.  V.  Wood,  jun.,  and  in  the  upper  Boulder- 
j  of  Mr.  Mackintosh,  both  of  which  deposits  I  consider  to  be 
lohronous  with  the  upper  Boulder-clay  of  Lancashire,  in  which  I 
re  found  a  few  pebbles  of  this  granite  as  far  south  as  the  Mersey. 
9  blocks  I  believe  to  have  been  detached  during  the  middle  sand 
iod  by  the  action  of  breakers,  which  formed  them  into  a  beach 
the  slope  of  the  Fell,  which  on  the  climate  becoming  colder 
re  floated  off  by  coast-ice,  and  carried  by  the^Iaio  tide  eastwards 
TorksMre  and  southwards  to  Lancashire.  I  cannot  therefore 
Be  with  Mr.  Oroll,  admirable  as  are  his  investigations  as  regards 
lilancf,  that  the  total  ice-wrap  theory  is  applicable  to  north- 
item  England,  and  more  especially  to  the  transport  of  Shap  Fell 
ilders.  (^ABLis  E.  ni  Bangs,  F.G.S. 

TEERACES  OP  NORWAY. 
3iB, — kB  I  have  had  the  opportunity  of  examining  several  of  the 
races  of  Norway  described  by  Professor  Kjerulf  (as  noticed  in  the 
oix>oiGAL  Maoazink,  p.  74),  and  agree  with  his  explanation  of 
m,  I  may,  perhaps,  be  excused  for  replying  to  Colonel  Green- 
xl^s  letter  (p.  191).  I  have  never  felt  satisfied  with  his  explana- 
i  of  the  Fraser  River  and  Himalaya  terraces,  and  I  feel  convinced 
t  it  wiU  not  apply  to  those  of  Norway.  The  latter  are,  1  believe, 
tned  as  follows: — First  a  delta  has  been  deposited,  when  some 
fsical  cause  has  diminished  the  velocity  of  a  stream  which  sweeps 
Qg  detritus;  e,g.  where  a  river  enters  a  fjord.  This  delta  has, 
sr  a  time,  been  raised  above  the  water,  and  during  the  period  of 
leaval  and  the  subsequent  pause  the  stream  has  cut  away  a  con- 
3rable  portion  of  the  loose  materials  of  the  delta.  A  further  up- 
.val,  with  an  increase  in  the  velocity  or  reduction  in  the  volume 
the  stream,  has  carved  another  and  lower  set  of  terraces  during 
)ther  pause,  and  so  on.  Of  course,  if  local  conditions  permit,  new 
tas  may  form  further  down  the  valley  in  the  part  which  yet 
lains  under  water ;  and  these  in  turn  may  be  subjected  to  erosion, 
he  upward  movement  is  resumed.  My  reasons  for  differing  from 
onel  Greenwood  are — ^putting  them  as  briefly  as  possible — (1) 
^ar  cliffs  and  grooves,  to  say  nothing  of  deposits  of  marine 
lis,  at  various  heights  above  the  present  sea-level,  show  that 
rway  has  risen  during  recent  epochs,  and  that  there  have  been 
ises  in  the  upheaval.  (2)  Many  valleys  (as  at  the  head  of  the 
en  Qord)  in  the  neighbourhood  of  these  signs  of  upheaval  are 
)d  with  wide  plains  of  drift,  out  of  which  the  river  has  cut  a 
nnel,  and  the  Qord  face  of  this  plain  is  regularly  terraced. 
That,  as  in  some  of  the  valleys  of  the  Sogne  Fjord  (and  doubt- 
I  in  many  others),  the  terraces  show  similar  faces  looking  both  to 
fjord  and  to  the  river,  suggesting  the  same  cause  for  their  forma- 
i,  viz.,  the  erosion  of  incoherent  materials  by  water  in  motion. 
That  in  ascending  a  valley  you  not  imfrequently  find  sets  of 
■aces  rising  step  above  step,  not  from  the  stream,  but  up  the 
)am ;  so  that  in  the  upper  part  of  the  valley  the  corresponding 
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Bets  are  at  muob  higher  levels  than  in  the  lower  part :  there  is  an  6x- 
oellent  instanoe  of  this  at  the  Sogndal  in  the  above  fjord.  (6)  l%at 
deltas  are  now  forming  in  the  fjords  below  these  terraces,  as,  for 
example,  at  Lierdalsoren ;  where  the  head  of  the  fjord  is  beooming 
a  marshy  swamp  (the  valley  for  a  considerable  distance  behind 
the  village  is  a  level  plain),  and  then  a  well-marked  terrace  some 
30  feet  high,  ending  abruptly,  is  met  with,  and  continues  for  some 
miles  till  the  rocl^  bed  of  the  valley  rises  from  beneath  it  (6) 
That  considering  the  coarse  materials  of  which  the  terraces  are  not 
unfrequently  composed,  one  would  expect  their  upper  sur&Ks  to 
slope  away  (like  the  Mississippi  bai^)  from  the  stream.  This 
is  not  the  case.  (7)  The  genend  arrangement  of  the  terracSs,  whidi 
of  course  could  only  be  shown  by  elaborate  diagrams,  is  to  my  mind 
quite  inexplicable  on  Colonel  Greenwood's  theory. 

I  believe,  therefore,  that  the  terraces  of  the  Fraser  Biver,  of  the 
Tangma,  and  of  Norway,  are  all  to  be  attributed  to  the  same  cause, 
viz.,  the  erosion  of  detritus  deposited  by  a  river  in  a  pre-existing 
valley,  when,  in  consequence  of  a  change  in  its  velocity  or  volume, 
it  cuts  away  that  which  it  has  previously  been  depositing  or  covering. 

St.  John's  Colliob,  Gambbidob.  T.  G.  Boknxt. 


WiLHXLH  VON  Haidingeb  is  HO  moro.  He  died  at  the  age  of  77  yean 
on  the  19th  of  March.  His  &ther,  Karl  Haidinger,  was  a  mineralogiBt^ 
and  for  several  years  Professor  of  Mining  at  Schenmitz.  The  young 
Haidinger  inherited  his  father*s  taste  for  minerals,  for  he  joined  the  class 
of  the  distinguished  mineralogist  Mohs  at  Gratz,  and  subsequently  went  to 
Freiberg  to  complete  his  training  in  Mining.  Count  Breunner,  who  came 
to  England  in  1822,  invited  the  young  mineralo^t  to  accompany  him. 
Thev  travelled  together  through  England  to  Edinburgh,  where  Mr.  AlUn^ 
the  banker,  invited  young  Haidinger  to  make  a  home  of  his  house  while 
employed  in  translating  the  Mineralogy  of  Mohs  into  English  ;  he  accord- 
ingly made  Mr.  Allan's  house  his  head-quarters  till  1827.  With  Mr. 
Robert  Allan,  the  eldest  son  of  his  friend,  he  travelled  during  four  years 
through  Cornwall,  Norway,  Sweden,  Denmark,  Germany,  Austria,  Italy, 
and  France.  During  these  travels  the  famous  collection,  afterwards  the 
property  of  Mr.  Robert  Greg,  and  now  in  the  British  Museum,  was  formed. 
At  this  time  he  brought  out  his  translation  of  Mohs*  treatise,  and  wrote 
several  Mineralogical  papera  for  the  Wemerian  Society  and  the  Transac- 
tions of  the  Royal  Society  of  Edinburgh.  In  1840  he  returned  to  his 
native  city,  Vienna,  to  devote  himself  more  exclusively  to  the  scientific 
pursuits  he  loved.  A  compendious  and  valuable  treatise  on  Mineralo^, 
brought  out  in  1846,  to  take  the  place  of  an  earlier  treatise,  was  continusSy 
imdergoing  revision  for  new  editions  ;  while  new  investigations  of  minerals 
were  also  appearing  under  his  name.  From  the  foun(ktion  of  the  Geo- 
logical Institute  for  the  Empire  in  Vienna,  Haidinger  was  its  Director 
imtil  some  two  or  three  years  ago,  when  he  retired  from  the  position  he 
had  filled  so  well,  with  a  Ritter*s  rank  and  a  well-earned  pension.  For  the 
last  twelve  years  of  his  life  he  had  given  his  attention  almost  exclusively 
to  the  subject  of  meteorites.  He  leaves  behind  him  a  name  which  Austria 
may  cherish  as  that  of  one  of  her  illustrious  sons,  and  which  many  an 
Austrian  and  many  a  foreigner  will  remember  with  warm  respect. — Ex- 
tracted from  Nature^  April  6tL 
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L — ^NOTSS    ON    THE    CbIKOIDBA* 
BjJOHN  BOFB,  F.G.S. 

(PLATE  VI.) 

TTTHEN  reading  the  ver^  interesting  article^  in  the  "Student" 
TT  for  October  last,  "On  the  Deep  Sea,"  by  Dr.  Carpenter,  I 
was  struck  by  the  description  of  an  Echinidan,  which  h^d  been 
dredged  up,  and  which  is  represented  as  looking  "externally  like 
a  sea-egg  flattened  by  pressure;  it  was  about  fiye  inches  in  diameter, 
and  of  a  brilliant  crimson  hue.  Its  test  being  composed  of  plates, 
separated  by  membrane,  instead  of  being  united  by  suture,  was 
quite  flexible,  so  as  to  resemble  an  armour  of  chain  mail  rather 
than  the  inflexible  cuirass  with  which  the  ordinary  Echinida  are 
inyested."  This  statement  as  to  the  flexibility  of  the  test  so  cor- 
responds with  what  I  have  long  suspected  to  be  the  case  with  some, 
at  least,  of  the  Crinoids,  that  I  have  been  induced  csurefully  to  re- 
examine a  large  number  of  i^)ecimen8,  both  of  heads  and  columns 
of  fossil,  and  to  make  some  experiments  on  recent  Crinoids;  and 
I  propose  now  to  state  shortly  the  result,  and  to  suggest  some  points 
for  the  consideration  of  those  who  may  take  an  interest  in  such 
subjects,  and  who  are  better  qualified  than  I  am,  by  their  knowledge 
of  the  animal  kingdom,  to  give  an  opinion  on  them. 

That  the  Crinoidea,  both  recent  and  fossil,  have  or  had  flexibility 
in  their  columns,  rays,  and  side-arms,  cannot  admit  of  doubt;  the 
two  latter,  from  their  nature  and  use,  must  have  been  flexible,  and 
sometimes  fossil  columns  are  found  so  much  curved  that  they  might 
at  a  casual  glance  be  mistaken  for  Ammonites,  and  they  frequently 
liave  the  appearance  of  being  furnished  with  a  membrane  or  cushion, 
intervening  between  the  plates,  expanded  on  the  outer  side  of  the 
circle  so  formed,  and  contracted  on  the  inner.  A  membrane  so 
situated  would,  like  the  intervertebral  substance  (cartilage)  in  the 
vertebrata,  evidently  admit  of  this  flexure,  and  such  has  been  sup- 
posed to  exist  by  Messrs.  Austin  and  others.     The  so-called  screw 

1  "  The  Stadent,"  yoL  y.,  1870,  p.  361. 
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stones/  so  common  in  the  Ghert  of  Deibyshize,  fhars  is  good 
to  believe,  are  in  reality  silioeoiis  paeiiidbmox|iAi8  of  this  memfarme^ 
the  QBlcareouB  part  of  the  ooliinm  liaving  been  entirely  diMolved  and 
removed.     (See  Plate  YL.  Fig.  &) 

To  test  this  belief;  some  portionB  of  a  Pmiiaenmm  dofwi  mdiwm 
were  procured,  and  a  few  joints  of  fhe  oolmnn  gently  boilad  for 
some  minutes  in  a  test  tube  with  liquor  potassa,  when  tb  membnyM 
was  dissolved ;  some  of  the  plates  fell  aBunder^  and  the  othen  won 
easily  separated,  whilst  warm,  by  the  point  of  a  needle.  Hie 
figures  formed  by  the  artioulaling  snrftoea  axe  beantifiilly  defined, 
as  shown  in  Fig.  1,  where  the  five  radiating  elliptiaal  lobes  a»  a>  aie 
well  seen.  The  central  aperture,  general^  oalled  the  alimentaxy 
canal,  is  surrounded  by  a  ring^  in  whidh  there  is  seen  a  oiible  A 
minute  tubes,*  indeterminate  in  number.  The  interspaoeB  between 
the  lobes  are  of  reticulated,  or,  pexhape  more  ooneotlyy  of  venoolar 
structure.  The  lobes  are  similar  in  stmotorey  bat  are  pieroed  with 
innumerable  small  tubes  or  pores,  through  whicdhi  jam  the  fibres 
below  described.  This  experiment  leaves  the  oaloareoos  portion  of 
the  joints  of  the  column  in  a  state  similar  to  those  aepsisted  by  the 
natural  decomposition  of  the  membrane,  and  found  fossil^  in  many 
limestones,  sudi  as  the  Saint  Onthberf  s  beads  ftom  Hol^  Usnd. 
Having  thus  separated  the  calcareous  part^  to  ezhiUt  the  membrane^ 
another  portion  of  the  column  (whiim  had  been  acoldentally  fiao- 
tured  longitudinally,  but  leaving  the  central  opening  and  the  whdle 
of  three  lobes  perfect)  was  slowly  decaldfied  by  very  dilate  muxiatio 
acid,  occasionally  adding  more  acid  when  reqmred,  as  shown  by  die 
cessation  of  chemical  action,  until  the  decalcificflAion  had  gone  as 
far  as  it  was  prudent  in  this  instance  to  carry  it,  as  it  was  donbtfol, 
if  the  whole  of  the  lime  were  removed,  whether  frcmi  the  &aotore 
the  fibres  would  not  have  collapsed.  Yery  shortly  after  cihemioal 
action  commenced  bundles  of  very  fine  fibres  (above  alluded  to), 
and  insoluble  in  the  acid,  were  visible,  projecting  firom  the  lobes 
a,  tty  at  both  ends  of  the  specimen,  and  tiie  fibres  were  visible  in  the 
broken  lobe  the  whole  length  of  the  fracture.  Figure  6  shows  the 
fibres  from  one  of  the  broken  lobes,  the  cross  lines  being  the 
membrano  between  the  calcareous  plates.  This  membrane  was 
found  to  envelope  every  joint  on  eveiy  side,  and  the  longitudinal 
fibres  passed  through  it  as  in  this  figure.  The  longitadinal  fibres 
being  probably  the  organs  by  which  the  motion  of  the  oolanm  is 
produced  and  regulated,  and  the  membrane  that  by  which  firesh 
matter,  necessary  for  growth  or  for  repairs  of  injury,  is  seoreted.' 
A  decalcified  section  of  a  portion  of  me  column,  allowed  to  dry, 
shows  that  the  central  canal  is  lined  by  the  membrane  and  oonneoted 
to  that  between  the  plates,  and  thus  with  the  longitudinal  fibres. 
(See  Plate  VI.,  Fig.  3.) 

^  See  Buckland*8  Bridf^ewater  Treatise,  new  edition,  p.  393. 

*  A  similar  circle  of  minute  pores  u  yery  perceptible  round  the  central  f^^tl  in  as 
OTal  plate  of  the  column  of  a  Piatycrintu,  from  Mountain  Limestone,  in  my  eoUeotioB. 
^  ^  In  Volume  VI.  of  this  Mafi^ine,  p.  351,  some  cases  are  described  in  which  new 
are  formed  round  and  indose  foreign  matter  attached  to  the  cduan. 
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The  column  of  the  recent  Pentacrtntu  (on  which  these  experiments 
were  made)  has  a  pentagonal  floriform  section,  and,  as  above  stated, 
has  the  longitudinal  fibres  distributed  amongst  the  five  lobes  and 
the  ring  round  the  central  canal,  but  the  columns  of  many  of  the 
Mesozoic  and  most  of  the  PalsBOzoic  Grinoids  are  circular  in  section, 
and  in  these  the  fibres  aj^ar  to  be  confined  to  the  part  of  the 
column  adjacent  to  the  central  canaL  With  respect  to  pentagonal 
columns,  Messrs.  Austin  state  that  "  there  is  one  character  which 
distinguishes  those  from  the  Lias  and  more  modem  strata  from  the 
pentagonal  columns  which  existed  in  the  Carboniferous  seas,  namely, 
the  former  invariably  articulate  by  pentagonal,  crenated,  star-like 
forms,  while  the  articulating  surfaces  of  the  latter  are  furrowed  by 
linear  strias  radiating  from  a  central  axis."  There  is  much  difficulty, 
however,  in  detecting  the  fibres  in  fossils,  owing  to  mineralization, 
which,  in  a  majority  of  cases,  has  obliterated  organic  structure,  and 
it  is  not  very  easy  to  distinguish  them,  even  in  the  recent  column, 
until  the  calcareous  and  the  animal  constituents  are  separated. 

A  few  joints  from  one  of  the  side-arms  of  the  column  were  next 
boiled  in  liquor  potassa  (Plate  YI.,  Figs.  4  and<  5),  with  the  same 
action  on  the  membrane,  but  in  these  the  calcareous  plates  were 
slightly  elliptical  in  cmtline,  with  a  mesial  ridge  on  the  transverse 
axis,  and  strongly  resemble  the  elliptical  plates  of  the  column 
of  the  Mountain  Limestone  Platyerinw.  Some  connected  joints  of 
the  same  side-arm  were  decalcified  so  perfectly  that  they  floated 
in  the  calcareous  solution,  but  preserving  the  membrane  on  all  sides, 
whilst  at  each  face  of  the  section,  when  mounted  for  the  microscope, 
were  exhibited,  with  a  low  power,  two  tufts  of  fibres,  one  on  each 
side  of  the  median  ridge.     (See  Plate  VI.,  Fig.  7.) 

I  may  here  remark  that,  in  breaking  off  a  portion  of  a  side- 
arm,  these  fibres  draw  slightly  from  the  lobes  before  they  rend, 
and  may,  with  the  help  of  a  pocket  lens  of  moderate  power,  be 
distinguished  without  any  preparation.  The  rays  and  pinnulsB  acted 
on  in  the  same  manner  give  similar  results,  and  indicate  a  calca- 
reous skeleton  surrounded  by  a  membrane  or  epidermis,  which, 
in  the  extreme  joints,  is  almost  semi-corneous.  The  calcareous 
portions  show  the  groove  on  the  upper  side  of  the  ray,  and  the 
pinnulaB  have  the  same  grooved  section  to  their  extremity.  This 
may  be  found  also  in  the  pinnules  of  many  of  the  Crinoids  of  the 
Silurian  and  Mountain  Limestone  formations,  and  probably  in  the 
Crinoids  generally,  but  not  universally,  as  Bhodocrinus,  for  one, 
appears  to  be  without  gooves  to  the  arms. 

These  experiments  on  the  recent  Crinoids,  combined  with  the 
structure  shown  in  the  screw-stones,  appear  to  prove  the  envelop- 
ment of  the  joints  of  the  column,  pinnulas,  rays  and  side-arms  by 
an  elastic  membrane,  capable  of  allowing  a  certain  limited  power 
of  motion. 

With    regard  to  the   heads,  we   have   no   recent  calicos  to  ex- 
periment  upon,   but   we   have   heads,   and   plates   from   them,  so_ 
identical  in  their  condition  with  the  screw-stone   casts  that 
little  doubt  can  arise  that  the  plates  of  that  part  of  the 
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were  also  enveloped  in,  and  ocmnected  to  each  other  by,  a  ■Sfnilir 
membrane,  and  not  by  snturw.  and  were  so  &r  analogous  to  Hie 
£<;hinidan  described  by  Dr.  Carpenter.  When,  the  teat  is  entii^y 
calcified,  as  is  mostly  the  case  when  in  solid  rock  or  encrinal  marUe, 
the  joints  of  the  plates  have  a  minutely  ¥mnk]ed  anrfaoe,  prohaUy 
du(.'  to  the  junction  of  the  membranes  which  hare  become  fiftlinfi<«i, 
and  apparently  form  part  of  the  substance  of  the  plate,  and  theee, 
being  in  actual  contact,  would  not  suggest  the  idea  of  any  power  of 
TiK^difying  tlie  form  of  any  part  of  the  calyx.  But  speciniens  an 
occJiHiotially  found,  some  of  which  are  in  my  ooUectioiiy  whidi,  like 
t)if;  Hcrcw-stones,  are  represented  only  by  a  siliceous  paeadomorph  of 
the  membrane  surrounding  the  plate,  from  which  the  calcareous. part 
luis  been  removed.  In  these  oases  the  membrane  retains  its  sh^w 
and  Hcparato  existence,  and  where  any  of  the  calcareous  nncleiu 
n^inains,  as  is  sometimes  the  case,  it  may  easily  be  separated  bj 
dilute  iu:id,  frequently  leaving  the  external  form  of  the  fossil  and 
Oio  outer  covering  and  ornamentation  of  the  plates  perfect  The 
ln^adH  gon<^rally  have  the  appearance  of  being  much  weathered  and 
jmrlially  decayed  empty  tests,  but  still  having  the  external  cha- 
nu*(4«rH  HO  visible  that  the  genus,  and  not  uncommonly  the  species, 
intiy  bo  distiiiguiHheiL  Some  of  them  had  been  in  my  possession 
Honio  Um(\  when  Mr.  Parker,  of  Manchester,  well  known  in  the 
(llHlriot  for  bin  knowledge  of  BoUand  and  Cliihero  fossils,  called 
mv  attrition  to  the  fact  of  their  being  silioeous,  as  they  would 
Ht  rutrh  ^laHH.  On  this  hint  I  made  some  experiments  which 
jiislifnMl  Mr.  Parker's  suggestion,  and  combining  this  with  the 
HiliiMMUis  sere w-sf ones  of  which  I  was  before  aware,  it  appeared  a 
fair  inference  that,  in  the  one  case  as  in  the  other,  the  animal 
nieni))ran()  waH  roplacod  by  silica  and  thus  apparently  preserved, 
whilst  tho  (Milcareous  portion  of  the  echinoderm  had  been  dissolved 
find  reniove<l,  and  that  the  plates  of  the  head  as  well  as  of  the 
eidunni  were  united  by  membrane,  and  not  by  suture,  and  were 
eonsecpiently  flexible. 

SjH'einions  of  Acfinocrtnvs  and  Rhodocrinus  have  been  found  in 
thiH  state,  and  Fig.  9,  Plato  VI.,  shows  a  portion  of  a  Bhodocrinus  in 
whi(;h  sectiouH  of  the  niombranous  envelopes  of  some  of  the  plates 
arc  seen  in  contact,  but  the  calcareous  centres  or  cores  have  been 
disHolved  out. 

Detached  plates  of  an  Echinidan  from  tho  Mountain  Limestone 
are  not  unfroquently  found  near  Clithero,  which  are  also  enveloped 
in  a  siliceous  case,  and  in  many  instances,  although  detached,  a  con- 
siderable number  of  plates  are  found  so  close  together  as  to  have  the 
appearance  of  being  part  of  an  Echinidan  flattened  out  by  pressure. 
I'hat  the  enveloping  membrane  should  bo  sometimes  calcified,  as 
it  undoubtedly  is  in  encrinal  marldo  and  in  limestone  generally,  and 
at  other  times  silicified,  as  in  the  chert  and  in  the  cases  under' con- 
sideration, is  a  su]>ject  which  will  admit  of  more  than  one  hyp^^thesis 
equally  applicable  to  fossils  in  Chalk  and  flint,  but  which  has  no  im- 
mediate connexion  with  the  present  question. 

Miller,  who,  in  his  work  on  the  Crinoidca,  assumes  the  proboscis 
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to  be  the  Haonth,  describes  it  as  being  situated  in  the  centre  of  a 
j^btod  integument  which  extends  over  the  abdominal  cavity,  and  is 
ei^Mible  of  being  contracted  into  a  conical  or  proboscidial  shape ; 
and  Messrs.  Austin  also  express  their  opinion  that  some  Crinoids 
bad  a  limited  power  dt  expansion  and  contraction  of  the  upper  part 
of  the  body.  This  change  of  shape  would  be  permitted  by  the 
membrane  under  consideration,  supposing  it  to  be  elastic,  and  it  is 
▼eiy  probable  that  the  whole  test,  like  tiie  Echinidan  alluded  to  by 
Dr.  Carpenter,  was  to  a  certain  extent  pliable  and  capable  of  adapt- 
ing itself  to  the  necessities  of  the  animal ;  for  we  rarely  find  two 
specimens  of  even  the  same  species  exactly  symmetrical ;  the  dome 
in  many  cases,  where  proboscidial,  being  elevated  so  as  to  form  a 
conOy  at  the  summit  of  which  is  the  proboscis,  whilst  in  other  speci- 
mens of  the  same  species,  identioaJ  in  every  plate  and  found  in 
close  proximity,  the  dome  is  nearly  flat  and  the  proboscis  projecting 
but  little  ftom  it  The  axis  of  the  calyx  also  is  frequently  not  in 
a  right  line  with  that  of  the  column,  the  base  plates  of  the  cup 
being  apparently  slightly  contorted,  giving  it  the  appearance  of 
drooping  or  leaning  to  one  side.  The  plates  of  the  calyx  are  also 
frequently  distorted  (although  not  fractured),  as  if  by  pressure, 
thus  showing  an  amount  of  flexibility  or  elasticity.  The  com- 
pressibility of  the  investing  membrane,  if  not  of  the  plate  itself, 
18  also  evidenced  by  the  not  uncommon  occurrence  of  a  portion  of 
a  column,  when  fisdling  to  pieces  by  the  decay  of  its  membrane, 
being  pressed  against  and  becoming  partially  imbedded  in  a  plate  of 
a  calyx,  and,  when  removed,  leaving  such  a  mould  as  would  be  the 
result  of  its  being  squeezed  into  a  plastic  material. 

Before  considering  the  application  of  this  power  of  expansion  and 
contraction,  we  may  shortly  refer  to  another  point  in  the  organiza- 
tion of  the  Crinoids.  In  the  year  1858  Mr.  Billings,  in  ''the 
third  decade  of  the  Canadian  Organic  Bemains,"  announced  the 
existence  in  some  of  the  Crinoids  of  certain  ''  tunnel-like  passages, 
which  lie  under  the  external  plates  and  extend  nearly  to  the  apex  of 
the  dome,"  and  in  1865  these  passages  were  more  minutely  de- 
scribed by  me  in  a  paper  in  this  Magazine,  Vol.  XL,  p.  245,  and  it 
was  there  suggested  that  (hey  might  be  for  the  purpose  of  supply- 
ing food  to  an  internal  mouth  as  well  as  water  for  respiration. 
Since  that  date  Professor  Loven  has  published  an  account  of  a  recent 
Australian  Echiuoderm  (Crinoid?),  the  Hyponoine  Sarsi,  Loven,  from 
which  the  following  description  is  extracted : — 

"  The  general  appearance  of  this  very  remarkable  Ecbinoderm  is 
that  of  a  small  Star-fish,  or  a  Euryalid.  It  has'  a  disk,  convex  on 
the  ventral  surface,  flattened  on  the  dorsal."  ''As  in  the  recent 
genera,  Antedon  and  PentacrinuSf  a  large  conical  proboscis-like  funnel 
rises  in  one  of  the  interradial  spaces  of  the  ventral  surface  of  the 
disk,  and  from  a  point  situated  a  little  before  the  centre  of  the  same 
surface  five  narrow  channels,  protected  by  marginal  scales,  radiate 
and  defnrcate  thrice,  and  run  out  on  the  rays  and  their  branches." 
"On  the  rays  the  channels  are  open,  but  upon  the  disk  between 
their  fijnst  bifurcation  and  their  common  starting-point,  their  marginal 
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scales  close  over  tbem,  forming  a  vault,  so  tliat  the  five  channels  are 
converted  into  covered  docts  converging  into  a  common  subcentral 
aperture,  concealed  beneath  the  integoment  and  not  visible  from  the 
outside.  In  the  covered  parts  of  the  channels  I  fonnd  masses,  con- 
sisting of  microscopic  Crustacea,  larval  bivalves,  and  other  remains 
of  the  food  of  the  animal,  apparently  taken  through  the  ends  and 
open  parts  of  ^e  channels,  and  on  its  way  through  their  oovered 
parts  to  the  concealed  mouth."  The  description  here  given  of  the 
ventral  disk  and  the  covered  channels,  to  the  central  internal  mouth 
of  the  Hyponome^  closely  agrees  with  that  of  similar  oovered 
channels  on  the  disk  of  a  Oifathoerinus  in  my  paper  above  alluded 
to,  and  strengthens  the  suggestion  therein  made  that  the  month  of 
these  Crinoids  was  central  and  internal,  and  iidds  to  the  probability 
that  the  Crinoids  as  a  rule  had  an  in-current,  excited  by  cilia  or  by 
the  fimbriated  pinnulas  on  the  sides  of  their  channelled  arms,  which 
passed  through  the  covered  passages  to  the  internal  mouth.  If  this 
is  allowed,  and  in  the  case  of  the  Hyponome  it  can  scarcely  be 
doubted,  there  can  be  little  hesitation  in  assuming  that  the  pro- 
boscis in  some  Crinoids  and  the  lateral  or  interbnu)hial  openings 
in  others,  is  the  anal  aperture  for  the  ex-current  In  this  case 
the  animal  being  provided  with  an  in-current  and  an  ex-current  open- 
ing, as  in  the  Tunicata,  would  thus  approach  the  Molluscoidea. 
In  Bomo  other  respects  there  appears  to  be  an  approximation  of 
some  of  the  Crinoidea  to  some  of  the  Tunicaia,  as  in  the  pyramidal 
vulvuloH  of  Cystidea  and  the  Chelyosoma;  and  the  outer  tough 
bfigH  of  some  of  the  Tunicata  also  contain  radiated  concretions 
Hoiiictirnes  siliceous,  but  more  frequently  calcareous,  thus  approach- 
ing tho  test  of  the  Echinodermata.  If  also,  as  is  above  supposed, 
tlio  Crinoids  received  their  nourishment  and  the  water  necessary 
for  respiration  through  the  arms  and  the  covered  channels  connected 
with  them  by  an  internal  mouth,  probably  the  power  of  expansion 
and  contraction  above  alluded  to  may  have  been  used  by  the  Crinoids 
for  the   purpose  of  rapidly  ejecting  water  to  dear  the   internal 

I)assages,  as  is  done  by  the  Ascidium  or  sea-squirt,  and  by  the  mol- 
usca  generally. 

No  doubt  many  objections  may  be  raised  to  this  supposed  approadi 
of  two  different  and  perhaps  distinct  orders;  we  know,  however, 
that  nature  draws  no  hard  lines,  but  abounds  in  connecting  links, 
and  it  may  be  possible  that  the  Molluscoidea  and  the  Echinodermata 
are  connected  by  the  link  now  suggested. 

'explanation  of  plate  VI. 

Fig.  1.  Plate  of  the  colamn  of  recent  Pentaerintu  caput-tnedusa,  after  boiling  in 

Liquor  potaasa.     Magnified  seyen  times. 
a,  a.  a.  The  five  radiating  elliptical  lobes. 
Fig.  2.  Cross-section  of  another  plate,  similarly  treated,  showing  the  tabnli  and 

pores. 
Fig.  3.  Plate  of  column  of  same,  decalcified  by  yerj  dilute  Muriatic  acid,  and  (hen 

allowed  to  dry,  showine  the  central  axis  and  the  shrunk  lobes. 
Fig.  4.  Joint  from  one  of  the  sioe-arms  in  the  column,  boiled  in  Liquor  potaasa. 
~1L6.  Unprepared  dde-arm,  broken  off,  showing  the  filnres  projecting  from  the  porei* 
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Tig,  6.  Bundle  of  fibres  from  fractured  lobe  of  column  of  recent  Bmtaerinua.  The 
cron-lines  show  the  interrening  membranes  of  the  column. 

Fig.  7.  Side  arm  of  recent  Fmtaerinut,  decalcified  by  Tery  dilute  Muriatic  acid, 
showing  tufts  of  fibres  on  each  side  of  the  median  ridge. 

Kg.  8.  Specimen  of  Chert  with  *'  screw-stone."  In  this  specimen  the  silicified 
membranes  at  one  end  are  perfect,  and  extend  to  the  circumference,  but 
more  than  half  are  broken  off.    Drawn  of  the  natural  size. 

Fig.  9.  Magnified  drawing,  showing  silicified  margins  of  nlates,  forming  part  of  body 
of  Rhodoerinm^  apparently  the  pseudomorph  of  tne  membrane  in  which  eacn 
plate  was  enyeloped. 
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Phonolitb  from  the  ''Wolf  Book.' 


»> 


By  S.  Allfort,  F.G.S. 
With  a  Chemical  Analysis  by  Mr.  J.  A.  PHiLUPi. 

rS  rook  described  in  the  following  paper  is,  I  believe,  new  to 
British  petrology;  and  as  the  value  of  microsoopical  analysis^  is 
not  yet  fully  recognized,  a  detailed  description  may  be  acceptable 
to  many  readers  of  the  Gbological  Maqazinx.  The  specimens 
examined  were  kindly  sent  to  me  by  Mr.  J.  A.  Phillips,  together 
with  a  chemical  analysis,  which,  with  his  permission,  is  also  added. 

The  "Wolf"  is  a  rugged  rook  lying  about  nine  miles  south-east  of 
the  Land's  End,  and  covered  by  the  sea  at  high  water.  At  low  water 
of  spring  tides  its  length  is  about  175  feet,  and  its  breadth  150 
feet.  Its  highest  point  at  low  water  is  17  feet  above  the  level  of  the 
sea,  whilst  at  high  water  it  is  covered  by  it  to  a  depth  of  2  feet. 

Examined  by  the  eye  or  simple  lens,  the  rock  is  seen  to  consist  of 
a  yellowish-grey  compact  base,  in  which  crystals  of  clear  glassy 
felspar  are  embedded ;  they  exhibit  no  stri» ;  their  fracture  is  sharp 
and  splintery. 

A  thin  section  examined  in  polarized  light  with  crossed  prisms 
exhibits  a  beautiful  group  of  crystals  of  felspar  and  nepheline  por- 
phyritically  embedded  in  a  fine-grained  matrix  composed  of  minute 
crystals  of  nepheline,  felspar,  and  hornblende ;  when  cut  very  thin, 
the  hornblende  alone  exhibits  colours,  the  hexagonal  sections  of 
nepheline  being  black,  the  rectangular  white ;  the  felspar  is  also 
either  dark  or  light,  and  the  general  appearance  is  that  of  a  mosaic 
of  dark  and  light  stones  interspersed  with  small  brilliant  coloured 
crystals  of  hornblende ;  the  whole  forming  a  matrix  in  which  the 
lar]ger  crystals  are  set  In  thicker  sections  the  felspar  and  nepheline 
display  fine  colours,  but  the  minute  structure  is  not  so  well  seen. 

The  microscopic  constituents  are  for  the  most  part  evenly  dis- 
tribated  throughout  the  base,  but  not  unfrequently  they  are  crowded 
together  along  the  sides  of  the  larger  crystals  and  irregular  grains  of 
nepheline.  ^  Tliis  is  an  important  fact,  as  it  clearly  indicates  that  both 
the  nepheline  and  the  smaller  crystals  had  been  formed  while  the 
surrounding  mass  was  still  in  a  plastic  state ;  it  would  also  appear 
that  the  felspar  was  the  last  to  crystallize,  as  it  frequently  incloses 


248  S.  AUptni—SifucUire  of  PhanoUte. 

crystals  of  neplieline  and  hornblende,  whioh  most  hsve  been  osnghtft 
up  in  it  at  the  time  of  consolidation. 

The  nepheline  occurs  in  the  sections  in  hexagonal  and  reofcangolar^ 
forms,  or  as  imperfect  crystals  and  irregular  grains ;  Bome  are  per — 
fectly  clear  and  transparent,  but  the  greater  number  appear  to  be^ 
filled  with  a  fine  grey  dust ;  it  is  sometimes  equally  distribated*  but    - 
is  also  frequently  collected  together  so  as  to  form  a  dark,  or  even 
black  mass  in  the  centre,  the  edges  of  which  are  sharply  defined,  and 
correspond  exactly  with  those  of  the  crystal.     Hexagonal  crystals, 
for  example,  exhibit  a  border  filled  with  fine  grey  dust,  and  a  central 
portion  occupied  by  a  well-defined  black  hexagon ;  or,  there  is  some- 
times a  black  band  running  parallel  with,  and  at  some  distance  from 
the  sides,  the  central  and  outer  portions  of  the  crystal  being  occu- 
pied by  the  grey  dust.     With  a  magnifying  power  of  800,  a  portion 
of  the  dust  is  resolved  into  minute  granules,  having  a  translucent 
centre  surrounded  by  a  dark  ring ;  they  are  therefore  probably  gloM 
cavities.     It  is  especially  worthy  of  remark  that  this  grey  dost  occurs 
in  precisely  the  same  way  in  the  nepheline  of  the  basalts  and  phono- 
lites  of  Tertiary  age,  and  from  widely  separated  localities.    The  dear 
crystals  frequently  exhibit  fsmi  lines  parallel  with  the  sides,  and 
they  often  inclose  slender  acicular  prisms;   compound  and  twin 
crystals  are  not  uncommon. 

The  felspar  is  perfectly  clear  and  transparent,  and  erridently  be- 
longs to  the  orthodase  group,  no  striae  are  observable,  and  one  or 
two  crystals  give  an  angle  of  90^  by  measurement  with  the  gonio- 
met<jr.  The  prisms  are  frequently  much  fractured  transversely  to 
the  long  axis,  and  in  this  respect,  and  in  their  optical  character,  they 
closely  resemble  the  sanidine  of  some  trachytes  and  phonolites. 
Twin  crystals  showing  different  colours  on  (^posite  sides  of  the 
plane  of  junction  are  not  uncommon.  The  felspar  contains  nnmerouB 
glass  cavities  and  extremely  minute  crystals,  which  are  sometimes 
irregularly  distributed,  but  are  also  frequently  arranged  in  rows 
parallel  with  the  edges  of  the  lai^r  crystals ;  the  latter  have  also 
cauglit  up  crystals  of  nepheline,  and  a  few  long  sl^ider  prisms, 
probably  apatite. 

The  hornblende  occurs  in  minute  green  prisms,  varying  in  length 

from  -B^u-  to  Twth  of  an  inch,  and  in  width  from  -ginnr  *o  ttjW  ^ 
They  are  regularly  interspersed  with  the  other  constituents  of  the 
base,  but  occasionally  great  numbers  of  them  are  crowded  together 
in  closely  compacted  groups,  having  a  nucleus  of  black  grains  of 
magnetite  ;  a  few  prisms  may  also  be  seen  imbedded  in  the  n^he- 
line  and  felspar. 

There  may  perhaps  be  some  little  uncertainty  whether  this 
P3rroxenic  mineral  be  hornblende  or  augite.  I  have  not  met  with 
any  reliable  angles,  as  most  of  these  minute  prisms  appear  to  be 
broken  or  imperfectly  formed  at  the  ends  ;  a  few  of  larger  sisse  are, 
however,  distinctly  dichroic,  and  would  therefore  appear  to  be  horn- 
blende. 

The  greater  part  of  the  mass  of  the  rock  is  seen  to  consist  of 
heline ;  the  crystals  forming  the  base  vary  in  size  from  the  rfrr 
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rfg-  in.  aciOBS,  but  tiiere  are  perfect  hexagons  which  do  not 
lore  more  than  the  Tinnr^  ^^  ^^  ^^^  >  most  of  them  are  indis- 
in  oatline  when  seen  by  ordinary  light,  but  become  well  defined 
1  examined  with  a  half-inch  objective  between  crossed  prisms. 
wo  analyses  of  this  rock  afforded  Mr.  J.  A.  Phillips  the  foUow- 
«8nlts: — 

8p.  Gr.=2-64. 

I.  n. 

>  Water 206  per  cent 206 

Silica   66-46   „  „  66*40 

Alamina  22-29   „  „  22-20 

Peroxide  of  Iron    ^....    2-70   „  „  2-61 

Protoxide  of  Iron  -97   „  n  - '^7 

Manganese Trace  Trace 

Lime    1-47    „  n  1*35 

Magneria    ^  ...  Trace  Traoe 

Phosphoric  Acid Trace  Trace 

Potaaa    2-81   „  „  273 

Soda    1113  „  „  11-11 

99-88  <^9-42 

ly  one  who  has  made  a  careful  examination  of  the  Tertiary  phono- 
or  is  acquainted  with  Professor  Zirkel's  researches  on  them, 
at  once  recognize  the  identity  of  their  mineralogical  composition 
the  rock  here  described,  and  will  be  struck  with  the  thoroughly 
loteristio  i^pearance  of  the  nepheline,  which  is  absolutely  the 
)  in  both.  In  fact,  no  one  would  hesitate  to  call  it  a  phonolite, 
were  known  to  be  of  Tertiary  age.  The  age,  however,  is  un- 
7n,  and  likely  to  remain  so,  for  the  rock  stands  alone  in  the  sea, 
its  actual  relations  with  others  cannot  be  observed.  Situated 
"een  the  Land's  End  and  Scilly  Islands,  it  is  in  a  PalsBOzoic  dis- 
,  disturbed  and  penetrated  in  all  directions  by  granites,  porphy- 
,  and  diorites ;  few,  therefore,  will  hesitate  to  place  it  among 
)lder  series  of  igneous  rocks.  It  is  at  present  the  practice  among 
f  petrologists  to  name  rocks  according  to  their  supposed  geo- 
ial  age ;  a  dark-coloured  augitic  rock,  for  example,  would  be  a 
It  if  of  Tertiary  age,  but  must  be  a  melaphyr  or  aphaniie,  if  of 
>  indefinite  early  €ige.  In  accordance  with  this  absurd  system, 
rock  in  question  would  probably  be  called  a  Foyaiie,  if  it  were 
im  to  be  old,  as  it  agrees  well  with  descriptions  of  that  rock, 
pt  that  the  elseolite  is  here  represented  by  nepheline  crystals 
ik  cannot  be  distinguished  from  those  of  true  phonolites. 
Pfcer  some  hesitation,  I  have  adopted  the  name  of  porphyritie 
4>Ut€  for  this  rock,  and  will  take  the  present  opportunity  of  sug- 
ing  that  one  name  only  should  be  assigned  to  all  igneous  rocks 
posed  of  the  same  constituent  minerals,  irrespectively  of  their 
or,  in  other  words,  that  we  should  assimilate  the  nomenclature 
lat  employed  in  the  sedimentary  rocks.  We  speak  of  Carbon- 
ns  or  Tertiary  sandstones,  etc.,  why  not  Carboniferous  or  Tertiary 
rites  or  melaphyres  ?    When  the  age  cannot  be  precisely  ascer- 

^  Of  which  -94  was  lost  in  water-bath. 
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tained,  an  approximation  may  generally  be  made,  and  snch  terms  aB 
po8t-C(irhoni/erous,  ante-Triassic,  etc.,  might  be  used. 

If  some  such  system  were  adopted,  all  the  basic,  angitic  rocks 
containing  much  iron  oxide,  would  form  one  group,  and  we  should 
get  rid  of  a  number  of  useless  names  which  have  been  applied  to 
rocks  in  utter  ignorance  of  their  mineralogical  composition  or 
structure. 

Until  quite  recently  such  a  suggestion  could  not  have  been 
adopted,  as  there  were  no  means  of  ascertaining  with  certainty  the 
constituents  of  the  fine-grained  rocks ;  but  now  that  improved 
methods  of  microscopical  research  are  available,  it  is  quite  time  that 
the  unscientific  nomenclature  still  in  use  should  be  supplanted  by 
one  more  in  accordance  with  the  present  state  of  knowledge. 


III. — On  the  Drifts  of  thb  West  and  South  Borders  of  the  Laki 
District,  and  on  the  Three  Great  Granitic  Dispersions. 

By  D.  Mackintosh,  F.O.S.^ 

THE  following  is  a  continuation  of  the  results  of  observations  in 
the  Lake  District  and  neighbourhood,  made  during  the  greater 
part  of  last  year,  and  the  beginning  of  the  present  year. 

Drifts  around  Whitehaven,  Cleator,  Egremont,  St.  Bees,  etc. — ^Aboot 
Workington,  and  farther  south,  the  sea-coast  zone  of  Criffell  mnitic 
drift  (described  in  last  article,  Geol.  Mao.,  Dec.,  1870,  Vol  VII., 
p.  564)  is  very  narrow,  but  to  the  S.  of  Whitehaven  it  beoomee 
wider,  and  the  great  road  from  Whitehaven  to  Ravenglass,  by  way 
of  Egremont,  very  nearly  delineates  its  inland  or  eastern  boundary. 
Boulders    of    this    granite,   along    with   porphyry    (including  the 
tesseliited  kind  from  the  Caldbeck-fells),  syenite  from  Ennerdale, 
etc.,  may  be  found  on  and  in  a  red  clay  to  the  S.W.  of  Whitehaven, 
where  the  ground  reaches  a  height  of  more  than  400  feet  above  the 
sea,  and  is  completely  cut  off  from  the  Cleator  and  Ennerdale  areas 
by  the  deep  pass  which  runs  from  sea  to  sea  between  Whitehaven 
and  St.  Bees.     On  the  brink  of  a  quarried  sea-cliff,  about  300  feet 
alx)ve  Saltern  Bay,  the  Permian  sandstone  is  planed,  smoothed,  and 
finely  striated  N.  30°  E. 

On  the  way  from  Whitehaven  to  Cleator  Moor  I  saw  many 
boulders  of  Ennerdale  syenite,  one  of  them  measuring  5x3x3 feet 
On  the  E.  side  of  the  Ehen  Valley,  about  400  feet  above  the  sea,  the 

^  It  ma^  be  desirable  to  give  a  short  explanation  of  some  of  the  lithological  terms 
used  in  this  article: — Oranuiar  fehtotie,  a  fine-grained  rock,  mainly  felspathic,  with 
uneven  fracture,  and  graduating*  from  light-grej  (like  the  well-known  Penmaenmawr 
rock)  to  -a  colour  nearly  black.  This  rock  faiaB  often  been  erroneously  termed  both 
greenstone  and  basalt. — Compact  feUtone,  a  felspathic  rock  with  comparativelT  eren 
fracture,  and  often  more  or  less  flinty  in  appearance. — Felspathic  breccia,  a  rock  con- 
sisting of  angular  or  irregular  fragments  chiefly  of  compact  felstone,  generally  from 
one-fourth  of  an  incb  to  two  or  three  inches  in  diameter,  sometimes  much  lar^. 
It  looks  like  petrified  pork-shop  brawn. — Syenite,  a  rock  (in  the  Lake  Distnct) 
generally  pinkish  or  reddish,  and  finer  grained  than  ordinanr  ^nite,  consisting  of 
felspar,  ijuartz,  and  hornblende,  or  two  of  these  minerals.  It  is  id  ways  intmsire, 
ana  passes  into  a  rock  approaching  tbe  character  of  greenstone. — Orantiite,  a  oon- 
Teniunt  name  for  a  very  fine  grained  granite. 
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2iew  Waterworks  excavation  has  revealed  blue  ola;  (nmning  into 
gravel),  overlain  by  yellowish-brown  olay,  and  containing  boulders 
of  Ennerdale  syenite  from  the  £.,  limestone  from  the  W.  or  N.,  etc. 
Tn  one  plaoe  the  striae  (on  Skiddaw  slate)  run  nearly  E.,  in  another, 
XLN.E.,  both  pointing  over  high  ground  towards  Ennerdale.  The 
adjacent  height  called  Dent,  as  previoualy  atatad,  is  covered  with 
bonldara  of  syenite  and  porphyry  up  to  1,100  feet  About  Egre- 
mont  there  is  an  tinkuown  thickness  of  unatratified  or  rudely 
stratified  gravel,  with  stones  and  boulders  of  syenito,  porphyry, 
olate,  aandstane,  a  little  Criffell  granite,  and  enormous  rough  blocks 
of  local  limestone.  Some  distance  N.N.W.  of  Eeremont  there  ia 
a  red  day  with  glaciated  pebbles  and  boulders,  lying  on  a  very 
uneven  and  uptom  surface  of  limestone  rook.  Farther  S.  there 
is  a  great  thickness  of  clean  gravel.  On  the  table-land  between 
Egremont  and  St  Bees,  the  drift  is  ohiefly  anf^lar  sandstone, 
tiunultnously  worked  np  from  the  rook  below,  and  graduating 
upwards  into  a  covering  of  olay  and  loam,  sometimes  rudely  strati- 
fied, with  boulders  of  greyish -bine  porphyry,  syenite,  Criffell  granite, 
etc.     In  St.  Bees  village  there  are  some  large  boulders  of  syenite 


Between  St  Bees  and  the  sea  there  is  an  array  of  abrupt  drift- 
kiudlB,  which  reach  a  height  of  100  feet,  and  might  readily  be  re- 
garded aa  moraines  if  they  oocarred  at  the  month  of  any  valley 
hading  down  from  the  mountains,  or  cousiBted  of  anything  like 
moraine-matter,  neither  of  which  is  the  case.  They  are  composed  of 
aand,  with  highly  contorted  beds  of  unwashed  gravel,  which  rise  up 
&om  beneath  the  beach-shingle  to  the  top  of  the  cliff-section.  This 
drift  reste  on  reddieh-brown  Boulder-olay.  Between  St  Bees  and 
SeaBoale  there  is  a  succession  of  mounds  and  plateaux  of  stratified 
and  frequently  contorted  sand  and  gravel,  more  or  less  covered  with 
blown-sand,  and  (as  is  evident  from  the  boulder  "  scars  "  visible  at 
low-water)  underlain  by  Boulder-olay.  Between  Seascale  and 
Qosforth,  and  all  around,  there  are  great  knolls  of  saad  and  gravel, 
often  separated  by  swamp-basins.  The  pebbles  consist  of  dark 
grannlar  felstone,  grey  porphyry,  syenite,  and,  nearly  as  far  inland 
as  Ooeforth,  Criffell  granite. 

DriJU  arouad  Oo»/orti. — The  new  red  sandstone,  immediately  N. 
of  QoHforUi,  rises  to  a  considerable  height  above  the  sea,  dips  at  a 
nther  high  angle  to  the  S.S.W.,  and  is  covered  with  drift  containing 
porphyritio  stones  and  boulders.  (See  Fig.  1.)  The  tops  as  well  as 
Tio.  1.  Fm.  i. 
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the  sides  of  the  ridge,  betiveen  ike  ihrer  Bleag  «id  WMUkiii 
ooyered  with  drift,  oonsisliiig  mainly  of  pinel,  fteqoenti^owUaly 
fozy-ooloared  loam.  A  gmt  part  ot  tkam  zidga  mnt  ahrajt  ktM 
been  beyond  the  leaoh  of  praoipitBtod  yalkj-g^Mial  wwmgiie  nrnHm 
Hie  bouldeTs,  many  of  which  aie  Tery  lam,  are  ehiefly  1iliiiili*gHr 
porphyry,  probably  from  the  hi^  ^vnd  to  the  NJL,  Imfc  ih  fi^ 
possibly,  ^m  oonoealed  rook  tn  iiltk  On  fliis  ridgo  fliare  aiea) 
many  glaciated  boalders  lliat  I  had  no  need  to  haswB  notmam  to  As 
expedient  oooe  reoommended  to  me  by  a  YodoshiTCmaii,  wiu^  rfhr 
stating  that  there  were  no  vomided  and  aoratohsd  stoinea  ik  Usndii^ 
bourhood,  advised  me  to  go  to  an  a^jaoent  aandalDiie  fpmnw,  m«B 
I  oould  find  plenty  of  square  UocAb  whioh  I  oovdd  rond  and  acartek 
for  myself  I 

Drifts  and  Olaeiated  Bodes  of  IFdsldab.— Between  fha  ndifiJbaia- 
hood  of  Qosforthand  one-third  of  amile  W.  of  Strands,  a  flue  gwimwl 
felspathio  rook  rises  throngh  the  drift  in  boasea.  Ibeooa  to  Wast- 
water-foot,  the  rook  is  principally  gmnilite,  and  thSa  rook  oco^piea  a 
great  part  of  tlie  space  between  Strfmds,  Bnckbanow,  and  Qieendala, 
Near  the  lake  it  gradnates  noiiliwards  into  m  qoartao-fidapalhiD  rode 

In  the  neighbourhood  of  Eidbeok  and  Gap,  contortm  gnvellj 
pinel,  with  stratified  sand  aeaoiB,  and  leal  lypieal  pinel  oomred  1^ 
fozy-ooloured  loam,  may  here  and  there  be  seen,  weal  ntmbeis  oif 
surface  blocks,  bodi  angular  and  roonded  (as  well  aa  Aam  imbedded), 
strew  the  ground,  and  rise  np  the  sl<^  to  flie  anmmit  of  the  Moor 
above  Yewtree.  At  Oill,  tiie  pinel  gradnates  downwards  into  roug^ 
angular  breccia.  The  latter  and  the  coarse  local  limestone  and  sand- 
stone debris  previously  mentioned  may  possibly  rroresent  the  first 
land-ice  period.  The  stones  and  boulders  about  Gill  are  pink  and 
light  grey  grauilite,  and  a  dark  grey  porphyry.  Farther  on,  flat 
knolls  of  pinel,  sometimes  greyish-brown,  run  nndemeath  the  screes 
or  fallen  debris,  with  a  distinct  line  of  demaroation.  Between  Gieen- 
dale  and  Wastwater,  there  are  many  roches  vMmUnmSes,  which  have 
been  smoothed  or  glaciated  chiefly  from  the  K,  sometimes  KS.E. 
and  E.N.E.,  in  a  few  instances  from  the  8.,  in  all  instancee  obliquely 
or  directly  from  the  direction  of  the  Screes  eeoavpment.  A  glacier 
from  the  N.E.  moving  along  the  valley  could  not  have  accomplished 
this,  either  by  its  direct  action  or  by  a  lateral  process  of  grinding,  as 
the  configuration  of  the  ground  would  have  enabled  ice  from  the 
N.E.  to  gain  free  access  to  what  are  now  the  jagged  or  lee  sides  of 
the  bosses.^  The  idea  at  first  su^ested  itself  tlutt  a  great  stxeam  of 
land-ice  may  onoe  have  tumbled  over  the  Screes  escarpment,  and 
smoothed  the  above  rocks  in  its  passage  across  tbe  date.  Mr.  de 
Eance  has  expressed  a  similar  idea  (Gbol.  Mag.  March,  1871),  bat 
I  do  not  think  that  it  can  be  reconcUed  with  an  attentive  oonsidera* 
tion  of  the  physical  geography  of  the  district.  Tlie  glaciation  of 
rock-surfaoes  directly  or  obliquely  across  valleys  is  in  many  parts  of 
the  Lake  District  the  general  rule,  and  not  the  exception.    Can  it  be 

^  Professor  Phfllim,  some  time  ago,  after  a  partknilar  eramination,  osbm  to  fiie 
•ODduaioii  that  no  glacier  could  eter  hate  flowed  along  tht  whole  length  «f  Waaldab 
(GaoL.  Mao.  YoL  II.  p.  613). 
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aplained  by  what  Dr.  Bobert  Brown  calls  ''a  monstrous  regorgita- 
Ifan  of  waves,"  caused  by  ice  falling  down  from  the  tops  of  cliffs  or 
rictesSy  and  struggling  to  become  launched,  at  the  time  when  the 
taUeys  were  occupied  by  the  sea? 

At  one  spot^  near  the  lake,  on  the  E.  or  upstream  side  of  a 
dacaated  boss  of  rock,  a  section  has  been  exposed  of  a  deposit  of 
hat.   (See  Fig.  a.) 

£.  of  Stranob  one  may  see  plateaux  and  knolls  of  stratified  and 
oontoirted  sand  and  gravel,  with  sub-angular  stones  and  boulders  of 
granite  from  thQ  £.,  and  porphyry  from  the  N.  In  some  places 
pinel  i^pears  underneath.  W.  of  Strands,  a  £uie  section  of  pinel, 
mrmonnted  by  loam,  may  be  seen  on  the  road-side.  About  a 
qnarter  of  a  mUe  W.  of  Strands,  the  granilite  is  distinctly  striated 
B.  10^  N.,  which  accords  with  the  direction  above  assigned  to  the 
glaciation  of  the  bosses  near  Qreendale. 

Philoeophf  of  Sereee. — ^Wastdale  Screes  escarpment  rises  to  an 
average  height  of  about  1,650  feet  above  the  lake.  Near  the  top 
the  slope  is  about  40^,  in  the  middle  50^,  towards  the  base  40^. 
The  solid  rock  generally  comes  half-way  down,  and  the  Inoken  rocks 
or  screes  run  half-way  up.  The  screes  are  chiefly  in  deltas,  under 
rakes  or  gulleys,  from  which  they  have  been  precipitated  by  frost,  or 
washed  down  by  rain  torrents.   (See  Fig.  3.)   In  the  process  of  scree- 
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Fio.  3.— Section  of  Wastdale. 

making,  the  tops  of  previously-existing  cliffs  have  been  bevelled  off, 
and  their  bases  shored  up.  At  the  lower  end  of  the  lake  the  Screes 
consist  of  greyish-blue,  sometimes  nearly  black,  fine-grained  felstone 
graduating  into  ill-defined  porphyry.  Pebbles  and  boulders  from 
the  Screes  may  be  readily  traced  all  the  way  S.  as  far  at  least  as 
Chester,  their  derivation  being  witnessed  by  the  peculiar  granilite 
and  granite  with  which  they  are  associated. 

With  the  exception  of  a  very  little  comminuted  matter,  which  in 
some  places  has  been  washed  down  from  ^bove,  the  Screes  have  not 
been  mixed  with  fine  sand  or  clay.  They  nearly  all  consist  of  bare 
stones.  Bain  cannot  grind  stones,  and  the  lake  is  almost  equally 
incapable,  as  may  be  seen  at  its  lower  end,  where  it  has  thrown  up 
a  heap  of  very  small,  bare,  angular  fragments,  with  three  terraces 
marking  different  water-levels.  The  brook  from  Illgill,  above 
Wast  water- foot,  has  made  a  section  in  scree-matter  (a  part  of  which 
it  has  probably  itself  brought  down),  revealing  its  bare  stony 
Character.    In  ike  greater  part  of  the  Lake  District,  the  screes  are 
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bare  fragments  of  rook,  and  continue  bo  after  becoming  covered  wJk 
certain  kinds  of  vegetation.  Where  glaciers  were  able  to  collect 
moraines,  these  screes  would  supply  them,  and  the  re-precipitated 
screes  or  moraines  would  be  hillocks,  banks,  or  ridges  of  bare  stoneB. 
But  in  those  exceptional  oases  where  ochreous  matter,  or  previonily 
comminuted  drift  from  the  tops  of  cliffs  or  sides  of  steep  slopes  (or 
matter  arising  from  the  chemical  decomposition  of  certain  lands  of 
rocks),  might  be  washed  down  on  the  surfaces  of  glaciers,  the 
moraines  would  still  be  distinct  in  their  composition  and  structure 
from  plateaux  and  knolls  of  elaborately  ground-up  pinel,  with 
smoothed,  rounded,  polished  and  striated  stones  and  boulders.  The 
term  moraine,  therefore,  ought  never  to  be  applied  to  an  aocumula- 
tion  of  Boulder-clay,  unless  indeed  it  be  coupled  with  the  word 
pro/oiide,  supposing  the  writer  adheres  to  the  theory  that  Boulder- 
clay  was  formed  under  land-ice. 

The  Eskdale  Granitic  Area, — E.  of  Wastwater-foot  the  granilite 
nms  into,  and  here  and  there  (between  Red  Brow  and  Beokfoot,  for 
instance)  alternates  with  the  very  coarse-grained  granite  of  the 
Eskdale  fells.  The  latter  is  very  confusedly  crystalline,  with  much 
greasy-looking  quartz,  ill-defined  crystals  or  patches  of  felspar,  and 
so  very  little  da^k  mica,  that  a  block  of  this  granite  oflen  looks 
nearly  as  white  as  chalk.  In  many  places,  as  in  Muncaster  fell,  it  has 
more  or  less  of  a  reddish  hue.  In  Irton  Park,  between  Santon 
Bridge  and  Steathwaite,  there  is  a  succession  of  rounded,  but  no- 
where distinctly  moutonnded  granitic  bosses,  with  tails  of  hard  un- 
washed gravel  surmounted  by  stratified  gravel  and  sand.  On  the 
S.W.  si(lo  of  Irton  Pike  there  are  great  masses  of  stratified  and 
false -bedded  gravel  and  sand  overlying  rudely  stratified  pinel  with 
enormous  boulders.  On  going  down  from  Irton  Pike  to  Key  how, 
real  argillaceous  pinel  or  Boulder-clay  may  be  seen  on  the  road-side. 
E.  of  lied  Brow  the  locally -limited  granilite  is  decidedly  moutonneed 
in  the  direction  of  the  valley.  The  cliffs  of  coarse  granite  on  the 
N.  side  of  this  part  of  Eskdale,  rise  to  a  considerable  height,  and 
their  bases  are  strewn  with  myriads  of  massive  blocks,  tlie  successors 
of  as  many  myriads  which  were  probably  floated  off  during  the 
glacial  submergence,  and  which  may  now  be  found  scattered  as  far 
south  as  Trescott,  near  Wolverhampton.  There  is  no  vestige  of  a 
glacial  moraine  in  the  lower  part  of  Eskdale. 

Drifts  between  Irton,  Drigg,  and  Uavenglass, — Eskdalefell  granite 
has  found  its  way  a  short  distance  to  the  west  of  a  line  drawn  from 
Irton  to  Drigg,  where  it  has  been  mixed  up  with  Wastdale  dark 
granular  felstone  and  granilite,  and  to  some  extent  with  Criffell 
granite.  These  rocks  may  be  found  not  only  as  boulders,  but  as 
pebbles  imbedded  in  great  knolls  of  sand.  Red,  stiff,  hard  lower 
Boulder-clay  makes  its  appearance  at  the  railway-station  and  on 
the  sea- beach  at  Ravenglass.  East  of  Muncaster  High  School  there 
is  a  great  expanse  of  triturated  granite,  with  many  stones  of  granite, 
slate,  porphyr}%  sandstone,  quartz,  etc.,  rudely  stratified  and  dipping 
at  a  greater  angle  than  that  of  the  slope, — the  whole  suggesting  a 
Meeting  place  of  tides  or  currents.     On  the  east  side  of  the  trumpet- 
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iji^Md  month  of  Eakdale  there  are 
many  fine  oliSk,  and  slopes  strewn 
'with  laige  oabicsl  blocks  of  granite, 
'whioh  would  famieh  a  ftiture  ioe- 
laden  sea  with  great  oargooB  of 
Inalden  for  transportation  in  a 
Boatherl;  direction. 

IhiJU  h^ween  Blaekeombe  and  the 
Sea. — From  the  month  of  Eekdale, 
B  stream  of  mixed  drift,  with  large 
granite  boulders,  nuu  southwards 
OTflT  the  oonntry  between  the  moun- 
tains and  the  sea.  Unch  pebbly 
gravel  and  sand  covers  the  longi- 
tudinal depression  between  Black- 
oombe  and  the  higher  grotrnd  border- 
ing the  sea.  It  riaes  here  and  there 
into  knolls  separated  by  swamp  and 
peat  basins,  and  in  some  places  is 
oovered  by,  or  alternates  with, 
Bonlder-olay.  Nine  out  of  ten  of 
the  la^ie  boulders  on  many  parts 
of  the  west  slope  of  Blaekeombe  (ou 
the  snriaoe  or  imbedded  in  drift) 
are  Eskdale  granite  or  gninilite,  and 

Wastdale  granilite.  A  beach  of  drift, 

with  a  fonndation  of  pinel  in  some 

places,  mns  along  the  base,  and  rises 

np  to  500  or  600  feet  on  the  aide  of 

Blaekeombe.      North  of  Whitbeck 

this  beach  consists  of  well-rounded 

gravel  and  sand,  which,  in  one  flat- 
tipped  knoll,  most  be  120  feet  thick. 

^ere  are  other   abrupt  sand  and 

gravel  eakers  farther  north.     Many 

Donlders  of  Eskdale  granite  choke 

np  the  mouth  of  Holebeck  galley, 

where  they  have  been  mixed  with  the 

granilite  in  tilu  discovered  by  Mr. 

Harshall,  of  Leeds. 

Mr.  Eooleston,  of  Carlisle,  some 

time   ago  discovered   a   stream,  or 

rather  a  series  of  groups,  of  granite 

blocks,  mnning  from  the  fells  on  the 

east  side  of  Eskdale  along  the  ridges 

and  slopes  as  far  as  the  southern  ex- 
tremity of  Blaekeombe,  and  reaching 

a  height  of  at  lea§t  1000  feet  above 

the  sea.' 
'  Ialt«cw«idiMwtwoof  th«Hioe-flael(Md),UMpriiiaipal<nubeiiLC<)a*.\AAtein.^ 
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Some  of  the  finest  secfcionB  of  drift  in  tbenoilih  of  Bii|^flDd,flioa^ 
often  much  obscuFed  by  talus,  may  be  aeen  on  the  sea-ooast  adJMvfc 
to  Blackcombe.  (See  Fig.  4.)  For  more  than  thiee  milea  the  6SS- 
line  consists  of  stratified  sand,  graTal,  and  Bonlder-day.  For  it 
least  two  miles  (walking  north  from  the  neig^boaihood  of  SQeoroft), 
the  sand  attains  a  thickness  of  from  100  to  120  feet»  exbhnive  d 
blown  sand.  Here  and  there  it  contains  layers  of  graTel  and  mb- 
ordinate  beds  of  clay.  In  many  plaioea  it  ia  capped  with  upper 
Boulder-clay.  (See  Figs.  5  and  6.)  Northwardb,  the  upper  day  nen 
and  there  swells  out  to  a  great  thicknessy  and  tlie  lower  brown 
Boulder-day  rises  up  to  a  considerable  height  above  high  wata> 
mark.  At  the  most  northerly  point  I  yisited,  the  latter  tenninated 
abruptly  under  a  series  of  steeply-inclined  beds  of  sand.  (See  Fig. 
5.)  The  lower  clay  contains  more  boulders  and  is  more  argUhceooi 
than  the  upper,  excepting  where  it  runs  into  a  bright  red  olajej 
loam  similar  to  what  may  be  seen  on  the  beadi  at  Blackpool  and 
elsewhere.    The  three  drifts  contain  granite,  along  with  many  otlur 

erratics. 

Fio.  5.  Fzo.  6w 

4  4 


2  S 

Sections  illustrating  the  mode  of  occurrence  of  DriftB  on  the  cout  nesr  Bkckeoabe. 
2.  Lower  Boulder-claj.  8.  Sand  and  griTeL  4.  Upper  Boalder-daj* 

(Tif  be  contmmd,) 


rV*. — Thb  English  Crags,  and  theib  Stbatioraphical  Divmiok* 

INDICATED  BY  TUEIB   InVSBTEBBATS   FaUNA.^ 
By  A.  and  E.  Bell. 

CERTAIN"  opinions  liave  been  put  forth  during  the  last  few  years 
which  do  not  seem  to  be  quite  in  accordance  with  some  isctB 
which  have  conio  to  our  knowledge  in  working  out  systematicaUy* 
various  pits  and  sections  in  the  Red  Crag  district,  and  we  propose 
discussing  in  the  following  paper  a  few  of  the  more  salient  poin|* 
beariiijj:  upon  the  fauna*  and  the  position  in  time  and  place  of  thi* 
particular  series  of  deposits. 

In  place  of  the  commonly  accepted  terms  Coralline,  Red,  and 
Norwich  or  Fluvio-marine  Crag,  wo  suggest  for  future  use  the  terffi^ 
Lower,  Middle,  and  Upper  Crags,  as  both  palsdontological  and  strati- 

on  the  south  side  of  the  upper  part  of  Fossbeck,  at  a  height  of  about  1000  feet,  ui 
in  a  situation  wlicre  one  nii;)^)it  almost  see  the  boulders  in  course  of  being  stnMcd* 
One  mcasureii  8x7x3,  another  6x4x3,  and  a  third  10  x  8  x  4.      They  ynxt 
accompanied  by  a  few  boulders  of  other  rocks. 
>  Head  before  tho  Geologists*  Anooiation  April  4th,- 1871. 
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rUfdiioal  eoimidenilioiui  imidar  an  alteration  impeiative.  In  the  two 
ttter  inatanoes  the  namfa  are  very  inappropriate :  Bed,  beoause  all 
nidatioPB  of  oolonrs  may  be  notioedi  and  the  oolour  ia  not  peouliat 
»ilia  deposit;  theNormoh,  orFlavio-marine^  beoaoae  the  formation 
liends  beyond  the  confines  oi  Norfolk^  and  is  in  many  plaoes  ex- 
lUBTdy  marine. 
Hie  horizons  proposed  for  adoption  stand  thus  :«— 

lie  Pre*glacial,  or  Ohillesfard  series,  oomprising  the  Ohillesford 
sands  and  olays,  the  Forest  Bed,  and  all  deposits  intervening 
between  the  Upper  Orag  and  the  Lower  Olaoial  beds. 

he  Upper  Cragrastiie  Norwioh  Fluyio-marine,  and  the  upper  part  of 
the  Suffolk  Bed  Omg  (as  hereafter  indicated). 

lie  Middle  Orag  is  the  Bed  Crag  proper. 

lie  Lower  Crag  =  the  Ooialluie  drag. 

Our  calculations  have  been  chiefly  based  upon  the  Mollusoa,  these 
ftly  baving  yielded  sufficient  results  for  comparison;  but  as  no 
ible  has  been  published  of  the  organic  remains  known  to  eadst  in 
sdi  of  the  Crags,  we  present  the  nett  total  of  each  group  of  which 
ve  have  lists. 
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With  reference  to  the  much  vexed  question  of  species  or  vskrieties, 
ve  are  of  opinion  that  a  well-defined  variety,  one  easily  recognizable, 
iod  accepted  as  a  distinct  species  by  the  majority  of  natimilists,  or 
fen  one  that  is  the  characteristic  form  in  other  seas  or  formationSi 
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is  of  as  much  value,  botli  geologically  and  paladontologioalljy  as  is  the 
specific  type.  It  so  frequently  happens  that  the  variety  pxeoedet, 
oo-exists  with,  or  succeeds  the  received  specific  ty])e,  that  an  elimi- 
nation of  the  variety  from  the  list  of  a  fiauna  is  likely  to  lead  to 
serious  complications  and  even  errors;  e,g,f  to  take  the  case  of 
Tellvia  obliqua,  T.  prcBienuis,  and  T.  cakarea  (or  proximo).  The  fint 
ranges  upwards,  from  the  Coralline  Crag  to  the  Upper  Oladal,  or 
Bridlington,  beds,  where  it  dies  out  The  second  variety  fint 
appears  in  ihe  lower  part  of  the  Bed  Orag  rather  abondantly,  even 
at  first ;  and  dies  out  in  the  Chilleiford  series,  and  T.  cdUareOf  the 
specific  type  of  the  whole,  as  so  suggested  by  Piof.  Forbea,  oooozb 
only  sparely  at  first  in  the  Bed  Crag,  and  attaina  its  maximum 
development  in  the  Post-glacial  beds  of  the  north.  The  type  fonn 
itself  does  not  occur  in  the  Coralline  Crag. 
The  points  we  propose  discussing  are — 

1st.  The  derivation  of  species  horn  the  deatmction  or  abraaion  of 
the  older  deposits. 

2nd.  The  position  of  the  Bed  Crag  with  respect  to  the  Coralline, 
and  fluvio-marine  formations. 

8rd.  The  evidence  in  favour  of  a  redistribution  of  the  Crag  areas. 
First.  The  derivation  of  species,  etc  No  two  authora  are  agreed 
either  as  to  the  number  of  species,  or  even  to  the  species  themselves, 
which  are  to  be  regarded  as  extraneous.  In  the  abstraots  of  some 
papers  ''  Upon  the  Structure  of  the  Crags,  etc."  (Quart  Jonm.  Geol. 
Soc.  18G8-70),  Mr.  Frestwich  states  that  all  three  crags  contain 
derivate  forms,  the  Red  Crag  list  especially  being  reduced  by  means 
of  derivatives  and  varieties  from  245  to  146  species.  Mr.  S.  Wood 
(Lyell,  Students'  Elements)  admits  25  species  as  extraneous,  against 
GO  in  1858.  Till  some  harmonization  of  this  complication  takes 
place,  all  endeavours  to  fully  comprehend  the  fauna  are  useless. 

From  our  obscrvatious  we  have  come  to  the  conclusion  that  there 
is  no  ei'idence  whatever,  either  external  or  internal,  to  justify  us  in 
sepanitiiig  from  the  fauna  of  the  Bed  Crag  any  species  except  where 
such  forms  are  of  Eocene  or  of  older  date  (Uie  *•  box  stone*'  fauna 
being  out  of  court  at  present).  Individual  specimens  undoubtedly 
do  occur  that  are  the  relics  of  preceding  stages,  but  we  cannot  find 
any  grounds  for  believing  that  all  the  members  of  any  species  are 
extraneous  to  the  fauna  or  deposit  in  which  they  occur. 

Again,  tho  reasons  assigned  for  considering  any  of  the  forms  of 
the  Ked  Cmg  derivative  are  by  no  means  satisfactory,  even  when 
any  reasons  are  given,  which  is  not  always  the  case.  In  his  paper 
upon  the  "  Extnmeous  Fossils  of  the  Bed  Crag,"  Mr.  S.  Wood  con- 
siders 54  species  are  probably  derivative,  and  six  others  positively  so, 
and  he  remarks  that  "  the  shells  may  have  suffered  little  or  no 
abrasion  during  the  removal."  No  reason  for  this  opinion  is  given. 
Mr.  Wooil,  junior  (On  the  Red  Crag,  etc.,  of  the  Eastern  Counties, 
Ann.  and  IVlag.  Nat.  Ilist.  1864),  says  of  the  Walton  deposit  that  it 
is  "  destitute  of  those  derivative  shells,  etc.,"  and  "  bivalves  are  fre- 
quently found  in  pairs,  and  univalves  uninjured  in  the  pullus  or 
apex."    These  evidences  of  non-derivation  are  by  no  means  peooliar 
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to  £he  Walton-on-the-Naze  shells,  as  we  shall  show  presently ;  and 
we  may  mention  that  oar  Walton  Hst  of  shells  enumerates  170 
Bpeoies,  116  of  them  being  oommon  to  the  Coralline  drag.  Speaking 
of  some  forms  from  a  particular  stage,  he  remarks,  they  are  ''  worn 
and  travelled,  and  show  their  origin  to  have  been  mainly  derived 
firom  older  materials."  Sir  Charles  Lyell  also  dwells  upon  the 
subject  in  his  Students'  Elements,  p.  179.  He  says,  ''There  can 
ba  no  doubt  Conchologists  have  occasionally  rejected  from  the  Bed 
and  Norwich  Crags  shells  which  really  belong  to  the  seas  of  those 
periods  because  they  were  extinct,  or  unknown  as  living,"  and 
suggests  that  extreme  scarcity,  colour^  and  worn  condition  may 
sometimes  be  indicative  of  derivativo  origin. 

An  analysis  of  the  quotations  just  made  will  therefore  give  the 
following  as  marks  of  extraneous  origin.  :r— Separation  of  bivalves, 
damaged  univalves,  mixed  without  regard,  to  position,  and  mostly, 
if  not  always,  in  bad  and  worn  condition.  Extreme  scarcity  and 
colour,  or  want  of  it,  being  dependent  upon,  local  consideration,  do 
not  hear  upon  our  argument. 

These  diaracters  are  not  tmiversally  applicable  to  the  members  of 
the  Bed  Crag  fauna;  thus,  we  find  bivalves  in  pairs  and  in  situ  every- 
where>  of  course  more  abundantly  in  some  plaoes  than  in  others,,  and 
we  have  prepared  a  list  of  upwards  of  fifty  species.  These  species  are 
many  of  them  of  the  most  delicate  structure,  especially  as  regards  the 
ligaxnental  apparatus..  The  Brachiopoda,  and  species  of  Hirmites, 
PeeUu,  Aatarie,  Cardittm,  Solen,  Mya,.  TeUina,  Maetra,  and  Pholas 
constantly  occur  in  pairs.  Of  Terebralvla  grandis,  var.,  we  have 
seen  upwards  of  500  examples,  perfect  in  many  cases,  even  to  the 
preservation  of  the  internal  apparatus.  Perhaps  the  most  striking 
proof  of  the  non -derivation  of  the  Brachiopoda  is  furnished  by  their 
situation  in  the  Crag.  They  occur  in  groups  imbedded  in  fine  sand, 
and  are  almost  always  surrounding  large  round  stones,  and  only 
want  the  connectuig  pedicles  to  make  the  group  complete.  Of  the 
univalves  the  following  forms,  Valuta,  Mitra,  Fyrxdct,  CanceUaria, 
Omda,  SecUaria,  Fusus  with  perfect  apices,  Emargintdaf  Scaphander 
and  Tarious  others  equally  fragile,,  or  highly  sculptured,  occur 
in  fine  preservation. 

Even  if  this  were  not  so,  the  arguments  derived  from  worn  speci- 
mens are  equally  illusory.  All  naturalists  are  aware  that  the  pro- 
portion of  worn  and  imperfect,  as  compared  to  perfect  specimens, 
is  generally  large  in  dredgings  taken  below  low-water  mark, 
especially  if  the  shells  are  in  the  condition  technically  known  as 
"  dead." 

The  worn  and  decorticated  appearance  of  many  of  the  Crag  shells, 
in  our  opinion,  is  owing  more  to  the  nature  of  the  investing  matrix 
than  to  anything  else. 

Again,  we  find  in  many  places  traces  of  an  undisturbed  sea-bottom 
determinable  by  the  position  and  condition  of  the  animal  remains. 
If  the  bottom  of  a  recent  sea  was  laid  dry,  we  might  expect  to  find, 
according  to  local  conditions,  TerebratulcB  and  BhynchonellcBj  in  groups, 
larger  or  smaller ;  GastrancB  and  MycB  imbedded  in  sandy  mud  and 
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clay,  SaxicavcBf  Fholadet,  and  the  boring  Venmidm  in  their  aevenl 
oiHts,  with  dead  shells  and  oayities  frequcoitly  oooapied  by  KdUui 
and  other  bivalyes,  and  in  some  places  MyUU  and  Oardia  obmij 
packed,  with  other  more  solitaxy  species  intermixed,  aooor£iigto 
depth,  habitat,  soil,  etc  The  univalves,  as  a  role,  are  lees  gregukm, 
but  even  these  would  be  fonnd  to  occupy  more  or  leas  oerlain  waam 
and  favourable  feeding-grounds.  In  other  places  heaps  of  desi 
shells,  parted  bivalves,  worn  univalves,  together  with  ooeasioDal 
individual  specimens  in  a  more  perfect  state  of  preservation.  Oonb 
would  be  found  more  plentiful  at  certain  d^ths  than  ottiers,  and  Ae 
sea-bottom  itself  composed  of  comminuted  shells,  minute  oxganimi^ 
fragments  of  Corals,  Polyzoa,  Echinoderma,  and  the  debris  of  a  vHk 
fauna ;  sandy  tracts  bare  of  organic  life  oconiring  here  and  tiiere. 

Now  this  is  precisely  the  condition  wo  find  presenting  itself  in  pit 
after  pit  in  the  Red  Crag  district,  and  we  venture  to  say  that  there 
is  no  part  of  a  modem  sea-bottom  whidi  we  could  not  pazalld 
within  reasonable  limits,  in  the  bed  of  the  ancient  Bed  Crag  Sea. 

Before  quitting  this  part  of  our  subject  we  would  only  notioe 
further  that  those  sections  in  the  Coralline  and  Red  Crags  whid 
have  the  greatest  number  of  species  in  oommon,  are  those  farthest 
apart.  Thus,  to  parallel  Sutton  and  Oedgrave  in  the  higher  part  of 
the  Coralline  zone,  we  must  look  south  to  Walton-on-the-Nase,  and 
for  the  Orford  and  Sudboume  Crags,  to  the  pits  at  Sutton  (Red 
Crag)  and  Waldringfield,  especially  to  the  latter.  All  these  pits  are 
miles  apart.  In  those  sections  seen  in  juxtaposition,  as  is  ike  esse 
occasionally  iu  Sutton  jmrisli,  the  greatest  diversity  prevails. 

We  will  now  proceed  to  consider  the  position  of  the  Red  Crag  in 
its  relations  to  the  Coralline  and  Fluvio-marine  formations.  "  Many 
geologists  arc  of  o})inion  that  the  different  patches  of  the  Red  Crag 
formation  are  of  different  ages,  although  their  chronological  arrange- 
ments cannot  be  decided  by  superposition."  Several  attempts  in  this 
direction  have  been  mtwlo.  Mr.  S.  Wood  enumerates,  in  a  valuable 
paper  upon  the  Sti*ucture  of  the  Red  Crag  (Quart.  Joum.  Qeol.  Soc., 
18GG),  throe  stages,  which  he  denominates  the  Walton,  Sutton,  and 
Butley  Crags.  Mr.  Wood,  junior,  finds  four  beach  stages  and  one 
horizontal,  iu  all  five  stages.  Messrs.  Prestwich  and  Jefireys,  by 
eliminating  "  extraneous  "  fossils,  and  by  the  reduction  of  species  into 
varieties,  have  brought  the  whole,  including  tlie  Fluvio-marine  and 
Cliillcsford  series,  into  one  palneontological  group,  but  admit  that 
some  division  in  the  lower  (or  Rod  Crag)  bed  is  to  be  found. 

Our  views  having  been  expressed  as  to  the  genuineness  of  the 
Crag  MolluBca,  we  now  proceed  to  point  out  that  which -we  consider 
to  be  the  true  reading  of  tiie  difficulties  presented  in  working  out 
the  Rfd  Crag  iu  its  vjirioue  aspects. 

Having  already  suggested  a  re-distribution  of  the  Crags,  the  area 
occupied  by  each  has  now  to  l)e  particularized. 

The  Coralline  (or  Lower)  Cnig  occupying  its  present  area,  we 
propose  alhming  the  other  Criigs  thus: — The  Middle  Crag  to  consist 
of  the  lower  dejjosits  commencing  at  Walton -on -the-Naze,  and  ex- 
tending to  Bentley  on  the  west,  thence  running  eastward  to  Butley 
'  *  ~  IV  and  HoUesley. 
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Tlie  Upper  drag  to  oonsist  of  the  uppermost  beds  of  Bed  Crag^ 
B  Chilleiford  Sorobioularian  Crag,  and  the  Fluvio-marine,  and 
irine  Crags  of  the  Norwich  Series.  The  inppermost  beds  of  the 
ad  Crag  overlying  the  lower  at  Shottisham  Ureek,  Bamsholt  Dook, 
kd  possibly  at  Bawdsey  and  other  parts  south  of  Butley  Comer. 
Patting  aside  the  qaestion  of  physical  struotare  as  not  bearing 
Mm  onr  argament,  we  may  yet  obserre  that  in  most  instances  oom- 
innted  fragments  are  more  abundant  in  the  Lower  Bed  Crag  than 
tiie  Upper. 

The  reason  why  Mn  PiBstwich  could  not  obsenre  any  order  of 
loeession  in  the  greater  part  of  the  Bed  Crag  we  believe  to  be,  that 
ere  is  not  any  order,  physically  speaking,  but  only  palffionto- 
gioally.  The  oblique  lamination  of  Mr.  Prestwich,  and  the  beach 
iges  of  Mr.  Wood,  junior,  constitute,  in  our  view  of  the  question, 
16  distinct  stage,  and  not  more.  In  a  valuable  map  appended  to 
>•  Wood's  paper  on  the  Bed  Crag,  a  horizontal  stage  overlying 
rtain  beach  stages  is  shown,  but  for  want  of  systematically  work- 
g  out  the  fauna  of  his  sections,  he  has  only  foreshadowed  the  great 
nth  (as  we  think)  embodied  in  them  as  shown  by  their  organic 
intents,  that  his  horizontal  Crag,  as  a  whole,  possesses  a  fauna  so 
istly  different  from  that  of  his  beach  Crags,  that  their  agreement, 
.  point  of  community  of  species,  is  hardly  more  than  their  dis- 
preement. 

This  observation,  of  course,  only  applies  to  the  district  we  have 
orked.  In  the  coming  summer  we  hope  to  trace  this  Upper  Crag 
•nth  of  the  Deben ;  Mr.  Wood  has  done  so  physically,  we  hope  to 
>  BO  palseontologically.^ 

It  seems  as  yet  to  have  escaped  the  notice  of  most  observers,  that 
16  fauna  <^  the  Bed  Crag  presents  two  aspects,  ue,  a  deep-water  and 
shallow-water  one ;  and  herein  lies  the  solution  of  a  difficulty  met 
ith  in  comparing  different  pits.  As  judged  by  the  fossils,  the 
^er  Crag  sea  was  deepest  about  the  localities  of  Waldringfield  and 
atton,  evidenced  by  the  presence  of  Terthratvia  in  large  numbers, 
peoially  at  the  former  section,  and  which  shallowed  out  towcurds 
^alton-on-the-Naze.  In  the  upper  deposit  the  deepest  water  oc- 
irred  at  Shottisham  Creek,  becoming  shallower  towards  Butley, 
billesford,  Tunstall,  and  farther  to  the  north.  At  Shottisham  Creek 
e  have  obtained  several  specimens  of  Bhy%ehoneHla  psiUacea,  to- 
ither  with  many  Terebratulaa,  the  latter  measuring  from  \  inch  to 
\  inches  or  more  in  length ;  FtMtM  LargiUiertii  and  F.  Turioni  also 
)ing  found  in  the  same  place. 

It  is  a  characteristic  of  modem  sea  life  that  the  deep-water  fauna 
more  persistent  in  time  than  the  shallow- water  o^ie,  and  it  is  so  in 

^  In  jnstioe  to  ourselyes  we  cmght  to  say  that  our  iiiTestigatioiui  in  the  horizontal 
rag  were  began  long  before  our  attention  waa  called  to  Mr.  Wood's  maj),  or  paper, 
lonld  the  physical  and  paleeontological  evidence  concur,  as  we  believe  it  will,  the 
leation  as  to  the  superposition  of  the  Upper  Crag  over  the  Lower  will  be  settled, 
id  it  will  then  be  necessary  to  show  the  agreement  in  the  fauna  of  aU  the  deposits 
hich  we  have  comprised  under  the  heading  Upper  Crag.  This  must,  however,  be 
ft  till  a  Aiture  opportunity.  A  sl^ht  indication  how  matters  staad  in  this  direction 
ttt  that  we  now  propoie  giving. 
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the  Crags.  Boih  thd  npiMr  and  lower  Chaff  cl«p  wotk  finniA  kvB 
more  species  in  oommon  than  hftve  the  depoolB  fcnnad  in  diaDinPV 
waters,  such  as  Walton-on-fhe-Nase  ami  J3iifl0y  Oonittr.  Tel^  h 
comparing  coUections,  even  from  tfaeae  deeper  M»>boHoiiii^  we  tai 
sufficient  evidence  of  change,  either  in  the  siae^  orielalivlwudMWi 
of  forms,  or  presence  of  partkmlaTq^eoiea,  and  the  abeence  d'Mf&n, 

The  aspect  of  both  the  shallow  lonea  of  Walton-on-ihe-llinaaBd 
Butley  differs  verv  mateiiallyy  one  lookinj{  as  If  of  iHm&mai  cdija^ 
the  oUier  of  northern ;  this,  of  coime,  la  efeoted  bj  the  owlgong 
and  incoming  of  chamoteriatte  finrma.  Hie  greateat  ^mwia&m  u, 
perhaps,  that  presented  b;^  the  EbMaodaraMfai  Ave  or  aiac  MMm 
being  peculiar  to  one  deposit,  and  one  to  the  oAer. 

.Havmg  thus  briefly  indioated  the  areas  over  vrUbh  our  propoasi 
division  extends,  we  pass  on  to  the  evidence  upon  whiflh  «iHh  divi- 
sion  is  founded,  and  to  thia  end  we  give,  first,  aa  abatraot  of  Am 

ries  of  MoUuBca  contained  in  each  dzvinon,  aod  of  thoee  whiA 
^  have  in  common. 
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„      Middle  (or  dder  Beu    „   ••......•m.  894  „ 

„      Upper  (or  aewer  Bedn    „   ••••••••■•m  196  „ 

„         „    (Flmo-mariM)    „   ............  168  „ 

Common  to  both  dinnoM  of  Om  Bei  Gng...  817  » 

Peonliarto  the -Lower  (kag......—......M«.M  170  „ 

Or  indnding  the  flnTio-marine  ^eeiee   ......   -60     ^ 

Total  nvmber  of  species  in  the  Bed  Ong,  ijt,  Ifiddb  and  Upper  (■erina) 

Cnigt,407. 

Beyond  these  tables  we  do  not  think  it  neceasaiy  to  go  at  pteaent, 
and  shall  therefore  notice  only  a  few  of  ilie  more  proarineMt  cha- 
racters of  each  division. 

Only  one  species  of  extinct  Helim  hae  been  found  in  Ae  Bed 
Crag;  it  was  obtained  at  Walton  and  WaldrinffjBeld.  All  the 
land-shells  of  the  upper  horizon  are  of  recent  British  fbnna.  We 
would  call  attention  to  the  occnrrenoe  of  Pahtdma  pa/nUs  and  of 
Corhictda  flttminalis  at  Waldrmgfield  as  being  a  step  oaokwaxda  in 
time  of  the  known  occnrrenoe  of  these  two  freshwater  apeoiea. 

Of  the  Brachiopoda  little  can  be  said,  one  of  the  only  two  qpeciea, 
t.e.  Terehratfda  gmndis,  var.,  ocomring  in  both  series,  in  one  respect 
this  is  interesting,  as  we  have  been  able  to  trace  flie  shell  from  the 
fry  to  tiie  adult  state,  with  the  perfect  loop,  and  this  form  or  variety 
is  one  which  Mr.  Davidson  informs  ns  is  not  fonnd  in  the  CksaUine 
Crag.  The  circular  ridges  are  stronger,  the  foramen  laiger,  even  in 
young  specimens,  and  the  neck  or  beak  much  longer,  and  more 
constricted  than  is  the  case  with  the  q^ecifio  typa  Bhjfnehmella 
is  confined  to  one  horizon  at  present 

The  Lamellibranchiata  of  the  Lower  division,  when  oonqMoed 
with  those  of  the  Upper,  have  an  older  fSmes,  and  one  that  indi- 
cates a  warmer  climate  than  prevailed  afterwards.  Perhapa  tfaia 
may  be  better  understood  by  our  mentioning  some  of-  the  peouliar 
shells,  thus   Ostrea  cochlear,  Pedm  septemradiatuB,  Lima  n^lmkh 
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PetagncB,  lAmopM  auriia,  and  pygmcea,  Chama  gry- 
phcBoideM,  AatarU  inerasscUa,  laoeardia  cor.  Oyiherea  or  Venus  chione, 
Lmeinopsis  Lajovkairii,  Tapes  texturata,  and  Maetra  glauca,  have  a 
much  more  southern  aspect  than  does  the  upper  horizon,  the  cha- 
racteristic bivalves  of  which  are  Cardium  Chrcerdandieum,  Leda 
(^Toldia)  hfperborea  and  L.  Myalii,  and  Acila  LyaUii. 

The  difference  is  perhaps  more  particularly  apparent  in  the  uni- 
valves, thus  Caneellaria  and  Pyrtda,  Nassa  prismatiea,  and  N. 
Regans,  DesmovHea  eonglohata,  Defraneia  hiatrix,  Pleurotoma  Ber- 
trandiy  P.  IcBvigaia  and  P.  carinata,  Mitra  ehenuSf  Ovtda  spelta, 
Odostomia  stUuralis,  Vermetw  iriquetra,  V.  glomeratus,  and  Denialtum 
reeium,axe  decidedly  Mediterranean  forms ;  whilst  Fastis  Largillierti, 
F.  Turioni,  Pleurotoma  hicarinata,  ColumheUa  avara,  Amaura  Can- 
dida, Natica  horealia,  and  the  large  variety  of  N.  affinis,  N.  occlfisa, 
are  equally  northern. 

Having  noticed  the  Mollusca,  a  few  words  in  reference  to  the 
Echinoderms  and  Corals  will  not  be  out  of  place  before  bringing  our 
paper  to  a  close.  Of  the  twelve  species  of  Radiata  known  by  us  in 
both  divisions  of  the  Bed  Crag,  two  only  can  be  recognized  as 
common  to  each,  a  Spatangus,  and  Echinoeyamus.  Out  of  the  five 
Corals  two  are  common  to  the  Lower  and  Upper  Bed  Crags,  these 
are  BaJanophyllia  ealyculuSf  and  a  Sphenotroehus, 

The  areas  which  we  have  considered  as  indicating  the  deeper  seas 
are  those  in  which  this  Coelenterate  fauna  abounds,  Balanophyllia 
attaining  to  exceedingly  large  dimensions.  FlabeUum  Woodti  also 
obtains  here,  but  in  all  our  specimens  we  notice  that  the  Coral  is 
much  smaller  and  stonier  in  composition  than  in  those  from  the 
Lower  Crag ;  they  are  also  free  at  tiie  base,  but  this  and  the  separa- 
tion of  the  laminsB  forming  the  septa  appear  to  be  the  result  of  age. 
At  present  Dr.  Duncan  considers  them  to  be  the  same  species. 
Perhaps  the  most  interesting  Coral  in  our  list  is  SolenastrcBa  Prest- 
wichiif  Dune,  a  new  species  (essentially  a  reef-building  one). 

Li  a  further  paper  we  hope  to  amplify  our  remarks,  and  as  the 
lists  of  Fossils  will  shortly  be  published  by  the  Geologists'  Associa- 
tion,  we  meanwhile  beg  criticism  upon  them,  and  information  that 
may  bear  on  the  subject  of  the  English  Crags. 


V. — MinrAMOBPHio  Books  of  Sootlamd  and  Galway. 

By  0.  H.  Kinahan,  M.R.I.A.,  F.R.G.S.I. 
(With  a  Page-Plate  VII.) 

r  appears  evident  from  the  history  of  the  metamorphic,  granitoid, 
and  granitic  rocks  of  Scotland,  written  exactly  half  a  century  ago 
by  MacCuUoch,^  that  those  rocks  are  very  similar  to  rocks  of  the  same 
classes  in  West  Galway,  Ireland.  This  acute  observer  evidently 
examined  the  Scotch  rocks  most  minutely,  as  the  groups,  sub-groups, 
and  varieties  of  his  ''  primary  rocks"  are  carefully  classed  and  de- 

^  A  Geological  Claaaification  of  Bocks,  etc.,  by  John  MaoCnlloch,  M.D.,  F.R.8., 
etc    A.D.  1821. 
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scribed.  Still,  howeyer,  his  amngeiiieiit  neniB  to  require  modifica- 
tion, as  many  of  the  rocks  he  haa  put  among  hia  gxuitas  aeem  not 
to  be  true  granites,  but  xather  granitoid  rocka,  due  to  tlie  metamor- 
l^ism  of  igneous  rocks. 

In  the  Memoirs  of  the  Irish  brandi  of  the  Gecdogioal  Sarrej  of 
the  United  Kingdom  (Eza.  aheeta  do,  105,  eta)  it  haa  been  pcmfeBd 
ont  that  while  some  granites  are  undonbtedly  introaiTe^  otliera  aaem 
to  have  been  formed  in  the  position  they  now  occupy  by  the 
metamorphism  of  both  igneous  and  deriyato  rocks.  In  that 
the  metamorphosed  sedimentary  rocka  form  three  well  marked 
namely,  the  SchUi  series,  the  Gnei—  series,  and  the  OiigodaM 
(Gal way-type  granite).  As,  however,  some  rocks  are 
oeptible  of  change  than  others,  on  aoooont  of  their  minenl 
stituents.  subordinate  beds  of  gneiaa  will  occur  in  the  SdUaf 
while  beds  of  schist  will  be  found  in  the  Gnmn  smss^  or  oran  OB 
some  occasions  in  the  (MigocUuie  graniie.  As  mentioned  by  Kwy 
Culloch,  so  also  in  this  country,  the  nnalterod  rock  gpradnatea  into 
schist,  the  schist  into  gneiss,  and  the  latter  into  granite.  (Sea 
Plate  YU.  and  explanation  of  same.) 

Tlie  argillaceous  rocks  at  the  first  become  glaied  or  mieaneoM  cm  . 
the  surfaces  of  the  most  conspicuous  Btmcture  of  the  original  nd^ 
changing  them  into  argillite  or  argillaoeons  sohiat,  while  pjrifte 
such  rain  ends  as  chiastolite  and  phyllito  are  developed,  nnal^' 
the  surface  ])lane8  of  the  stratification,  lamination,  or  cleaivege^  tal 
often  pi-omiscuously  through  the  mass.     Moreover,  the  joint  linee 
are  often  sealed,  or  a  thin  film  of  rcx^k  alongside  them  hardened 
Sub8e([uently  the  rocks  change  into  mica-schist  and  the  like,  and 
thence  through  gneiss  mto  granite.     Some  arenaoeons  rooks  at  the 
first  become    schist   (mica-schist  or  quartzite),  while  others,    on 
account  of  tlicir  constituents,  are  gneissic  from  the  first     The  latter, 
although  containing  the  essential  constituents,  are  not  typical  gneiaa, 
that  is,  the  quartz,  mica,  and  felspar  are  not  arranged  in  leavea  or 
plates  ;  nevertheless,  in  general  there  is  more  or  leas  of  an  incipient 
foliation.     (Plate  VIL,  Fig.  6.) 

Seemingly,  as  first  pointed  out  by  Sorby,  in  all  schists  the  foliation 
is  induced  by  and  follows  the  most  conspicuous  or  marked  atruoUire 
in  the  original  rocks ;  let  it  be  cleavage  or  lamination,  whether  the 
latter  be  parallel,  oblique,  spheroidal,  curled,  folded,  nodular,  oon- 
cretionary  or  conglomcritic ;  except  perhaps  in  some  argillites  and 
mica-schist  which  have  a  sharply  folded  or  frilled  foliation,  while  a 
similar  lamination  is  rare  in  argillaceous  rocks.  This,  however,  is 
not  necessarily  the  case  in  gneiss,  for  the  Gneiaa  aeriea  consists  of  two 
sub-divisions.  First,  ordinary  gneiss,  having  the  foliation  following 
similar  laws  to  those  just  mentioned,  and  among  which  sabordinato 
beds  of  schist  are  not  uncommon.  Second,  granitoid  gneiss,  in 
which  the  foliation,  with  rare  exceptions,  is  in  parallel  lines,  and  dipa 
at  a  high  angle,  if  it  is  not  perpendicular.  The  strike  of  the  foliation 
of  the  latter  and  of  the  original  stratification  of  the  rooks,  appeaxa 
generally  if  not  alway  to  coincide,  but  in  no  other  way  doea  the 
iriginal  structure  seem  to  a£fect  it^  as  all  the  other  structural  peon- 
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liarities  are  obliterated,  save  and  except  when  the  oii^nal  rock  was 
con^lomeritici  0ome  blocks  in  which  may  have  resisted  the  action 
wliich  tends  to  make  the  foliation  regular  and  nearly  perpendicalar  ;^ 
consequently  in  some  granitoid  gneiss,  blocks  or  nodules  may  occor 
differing  in  appearance,  structure  and  composition  from  the  rest  of 
the  mass ;  moreover  they  nearly  always,  more  or  less,  deflect  the 
strike  of  the  foliation  in  their  vicinity ;  but  they  are  generally  more 
or  less  elongated  in  the  direction  of  the  strike.  Furthermore  the 
structure  of  the  constituents  of  the  granitoid  gneiss  seems  to  have 
undergone  an  entire  change.  In  ordinary  gneiss  many  of  the 
particles,  as  to  form  and  composition,  seem  in  a  measure  to  partake 
of  their  original  nature,  while  in  the  granitoid  gneiss  all  seem  to  be 
crystalline,  while  the  fclsitic  portions  are  developed  into  felspar  and 
quartz.  Perhaps  hereafter  Microsoopists  will  point  out  that  anch 
rocks  should  be  classed  as  Foliated  granite^  and  removed  from  the 
Gneiss  series.  Nevertheless  the  granitoid-gneiss  or  foliated-granite 
will  always  be  the  passage-rock  between  gneiss  and  typical  granite. 

The  granite  due  to  extreme  metamorphism  of  derivato  or  aedi- 
mentary  rocks,  as  pointed  out  by  Haughton  and  others,  is  very 
varied  in  composition  on  account  of  the  diversity  of  the  rocks  from 
which  it  is  formed ;  and  nearly  all  the  changes  just  enumerated  have 
been  previously  pointed  out  by  MacGuUoch,  except  that  he  has  not 
mentioned  the  peculiarities  of  the  foliation  of  the  granitoid  gneiss. 

The  historian  of  the  Scoteh  rocks  has  grouped  among  his  Granites 
certain  intrusive  rocks,  on  account  of  their  aspect,  make,  and  position. 
This  grouping  to  a  certain  extent  is  not  unnatural,  as  the  rocks  have 
a  granitoid  aspect  and  occur  as  intrusive  masses ;  nevertheless  many, 
if  not  all  of  them,  in  favourable  localities,  will  be  found  to  be 
metamorphosed  igneous  rocks. 

In  the  portion  of  Galway  before  referred  to,  it  has  been  fonnd 
that  some  of  the  high  silicious  felstones  (Petrosilex),  many  of  the 
basic-felstones  {Eurytes  of  Daubuisson,  included  in  the  Hybrid  ro(^ 
of  Durocher),  also  some  of  the  Whinstones  or  basic  igneous  lock 
(Dolerite,  Melaphyre,  Diabase,  etc,),  more  especially  if  affected  by  & 
scaly,  platy  or  cleaved  structure,  will  become  first,  schistose;  second  * 
gneissic;  and  lastly,  granitic.    The  homogeneous  or  compact  varieti^ 
however,  generally  change  by  gradually  becoming  more  and  moT^ 
highly  crystalline  and  granitoid  in  aspect,  till  eventually  they  ^^ 

^  In  the  description  of  the  Geology  of  Abyssinia  (Oeology  and  Zoology  of  Ahj^^ 
sinia,  by  W.  T.  Blanford,  p.  169),  the  learned  author  calls  particular  attention  to  tj^ 
regular  and  nearly  perpendicular  foliation  of  the  gneissic  rocks  of  bo^  that  connt^^ 
and  also  the  southern  part  of  the  Indian  peninsula.  This  is  evidently  similar  to  tl^^ 
foliation  in  the  granitoid-gneiss  of  West  Galway,  and  probably  is  due  to  the  Mi^^ 


cause.  In  the  countries  to  which  he  refers,  Blanford  sun^ests  that  clearage  indoe^^ 
the  foliation ;  this,  howeyer,  could  not  be  the  case  in  West  Galway,  as  erident**- 
cleavaffe  was  not  dcTeloped  in  the  associated  metamorphosed  sedimentary  ^^'^^^ 
Therefore,  it  is  impossible  it  could  have  existed  in  the  portions  now  changed  i^  ^ 
granitoid-gneiss,  more  especially  as  some  are  small  and  isolated,  and  ma^  surround 
centre  that  has  been  changed  into  typical  granite.  To  me,  therefore,  it  seems  ^^ 
this  linear-parallel,  nearly  perpendicular,  foUation  of  granitoid-gneiss  must  be  doe  ^ 
a  high  state  of  metamorphism,  and  not  to  an  original  rock-structure ;  and  if  this  ^^ 
been  the  cause  in  West  Galway,  it  was  also  probably  the  cause  in  Abyssinia  and  Ind 
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altered  into  granite.  Granites  formed  by  metamorphism  from 
Petrosilex  or  any  other  highly  silicious  felstone  will  be  more  or  less 
highly  silicious,  while  those  due  to  Euryte  or  Whinstono  will  be 
more  or  less  basic,  containing  as  essentials  oligoclase,  amphibole, 
titanite,  ripidolite,  and  such  like  minerals. 

From  this  it  would  appear  that  the  rocks  included  in  MacCulloch's 
Granite  of  the  first  division  under  A  and  B,'  are  highly  silicious 
felstone  (Petronilex)  in  the  schistose  stage,  while  the  rocks  classed 
under  D  are  partly  metamorphosed  whinstone.'  As  among  the 
original  rocks  of  Galway,  so  also  among  the  original  Scottish  rocks, 
there  were  bedded  masses  of  whinstone  and  euryte  graduating 
into  tuff  and  agglomerate,  and  these,  when  metamorphosed,  became 
hornblende-rock  (more  or  less  basic  according  to  the  nature  of  the 
original  rock),  hornblende-schist,  and  conglomeritic  schists.  This, 
however,  does  not  seem  to  have  impressed  itself  on  MacCuUoch, 
who  gets  over  the  difficulty  by  classing  some  of  the  homblende- 
Tocks  among  the  granite,  and  the  rest  among  the  hornblende-schist, 
although  he  allows  that  the  rocks  are  identical ;  this  will  be  also 
seen  from  his  descriptions.  Furthermore,  while  writing  of  the 
Tarieties  (&  and  c)  of  this  rock,  he  points  out  their  similarity  to 
Flutonio-rocks,  which  only  goes  further  to  prove  their  metamorphie 
origin,  as  such  varieties  in  West  Galway  only  occur  among  partially 
metamorphosed  sedimentary  rocks. 

In  his  "  second  division "  of  the  Granite,  MacCuUoch  is  rather 
obscure,  as  his  group  A^  would  include  both  the  highly  silicious 
granite  and  the  metamorphosed  or  granitic-felstones  of  West  Galway. 
In  that  countiy  the  amorphous  felstones  at  the  first  become  a  felsitic 
mass  mixed  with  mica ;  second,  a  felsitic  mass  in  which  there  is  more 
or  less  mica,  felspar,  and  quartz  developed;  till  eventually  all 
the  minerals  are  developed,  changing  it  into  a  true  granite. 
Although  MacCulloch's  classification  is  adopted  by  most  geolo- 
pists  and  petrologists  of  the  present  day,  nevertheless,  I  believe, 
it  is  incorrect,  as  the  metamorphosed  felstones  generally  can  be  found 
graduating  from  a  felstone  through  a  gneissic-rock  into  a  granite ; 
moreover,  when  studied  and  consequently  known,  their  make,  form 
and  character  are  peculiar,  and  readily  distinguishable  from  those 
of  the  highly  silicious  granite.  The  typical  highly  silicious  granite 
weathers  with  the  rough  rugged  aspect  so  characteristic  of  all 
typical  granites,  while  the  granitic-felstone  has  a  weathering  not 
smooth,  like  the  weathering  of  felstone,  or  yet  rongh,  like  that  of 
granite,  bnt  rather  partaking  of  the  nature  of  both ;  it  moreover  is 
mclined  to  form  a  whitish  crust  like  a  felstone.  In  typical  highly 
sOioions  granite  the  rock  may  graduate  from  coarse  to  fine ;  but  in  the 
granitio-felstone  the  rock  is  often  thin,  very  fine  or  coarse  bands  striping 
tiie  rook,  like  ribbon,  dififering  not  only  in  texture,  but  usually  in 
colour  and  composition.  These  bands  apparently  follow  a  structure 
in  the  original  rock,  probably  the  lines  of  viscid  fusion.  Moreover, 
the  outside  of  large  veins  and  masses  may  be  quite  granitic,  while 
the  inside  portions  are  very  little  altered.  Furthermore,  these  rocks 
^  ICMColloch,  p.  23i.  >  MacCalloch,  p.  285.  *  MacCvllooh,  p.  236. 
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oooar  in  more  or  leas  regular  protmnonf  and  dykefl^  and  not  in  tk 
irregular  and  tortuous  intmaiona  and  Teina  bo  common  to  wme 
granite. 

MacCullooh's  remarks  on  this  olaaa  prore  that  some  at  laait  d 
them  are  not  typical  granites,  as  he  distinotly  mentionB  that  all  ttfi 
constituents  are  not  crystallized  out. 

The  rooks  of  MacCullooh's  class  B,  second  division  of  the  granite,^ 
would  answer  the  description  for  some  of  the  TarietieB  of  the  horn- 
blende-rock.  These  rocks  in  the  first  stage  are  a  hig^y  crystalliiis 
compact  mass,  that  might  perhaps  be  called  Homblende-aphanyte,or 
it  may  be  for  the  most  part  a  crystalline  aggregate  of  amphibole^- 
felspar,  not  orthoolase  (DioriU),  or  amphibole+orthoolafle  {SjfmuU), 
or  ripidolite,  talc  or  mica  may  replace  more  or  less  the  amphibde. 
In  these  rocks  quartz  may  be  present  as  an  aocessoiy,  but  eTentnslly 
it  appears  as  an  essential,  and  they  merge  into  granite. 

In  the  third  division,'  class  A  is  the  Wpical  metamorphio  granite 
of  the  **  GkJway  type,"  while  0,  D,  and  £,  are  varieties,  and  dass  F 
appears  not  to  be  a  normal  rock.  Class  B  is  evidently  one  of  the 
metamorphosed  felstones  previously  described,  in  which  part  of  tbe 
felsite  is  not  developed  into  quartz  and  felspar,  a  not  uncommon 
rock  in  parts  of  West  Qalway.  Of  these  rodcs  MacCuUodi  mskei 
a  similar  remark  to  that  in  reference  to  those  in  his  second  division, 
class  A,  poiDting  out  that  all  of  the  constituenta  may  not  be  crystal- 
lized out,  and  a  similar  remark  is  applicable  to  these  rocks  in  West 
Galway.  As  a  supplement  to  the  granite,'  there  is  a  rock  described 
called  Whitestone,  a  compound  of  *' mica  and  compact  felspar"  (/ehiie). 
Under  this  bead  apparently  are  classed  two  distinct  nx^s,  one  being 
a  fel  stone  in  the  schistose  stage  of  metamorphism,  and  the  other 
being  a  felsitc-schist,  a  metamorphosed  sedimentary  rock;  both 
kinds  occur  in  West  Galway. 

In  conclusion,  it  may  be  pointed  out  that  this  author,  as  he  himself 
allows,  did  not  fully  understand  the  nature  of  serpentine;  conse* 
qucntly  he  has  mixed  up  together  rocks  of  quite  different  origins^ 
These  rocks,  however,  and  their  origin,  will  be  described  in  forth- 
coming Memoirs  of  the  Irish  branch  of  the  Greological  Survey. 

EXPLANATION  OF  PLATE  VII. 

Fig.  1.  Diagrammatic  sketch,  showing  flows  of  Hornblend^rock,  intentratifled  with 

schist. 
Fig.  2.  A  junction  of  Hornblende-rook  with  schist. 

Fig.  3.  Nodular  Hornblende-rock  graduating  upwards  into  Conglomeritic-schist 
Fig.  4.  Nodular  Homblcndc-rock  graduating  at  the  margin  of  a  flow  into  Conglome- 

ritio-schist. 
Fig.  6.  Conglomeritic-schist ;  showing  irregular  foliation  in  the  matrix,  while  in  the 

enclosed  blocks  (most  of  uiem  being  some  one  or  other  Ttriety  of  Hon* 

blende-rock)  there  is  a  faint  foliation  dereloped,  which  is  eridentlj 

induced  by  the  grain  or  structure  of  the  original  rocks. 
Fig.  6.  Conglomcritic-gnciBs  changing  into  Granitoid-gneiss,  a  linear  foliation  haTing 

been  developed  both  in  the  enclosed  blocks  and  the  matrix,  the  texture  of 

the  former  being  coarse  and  of  the  latter  fine. 
Fig.  7.  Granitoid-gneiss  or  Gneiasoid-granite,  with  schistoee  layen  or  seams. 

■  MaoCulloch,  p.  237.  '  MacCuUoch,  p.  238.  *  MaoGaUoeh»  p.  241. 
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or  THK  Paouio  Slops.    By  Olakknob  Enra,  n.S.  (}eologiat» 

{dmiricm  Journal  of  Sc%$no$  and  Arts.  Third  series,  vol.  S.,  no.  8,  March,  1871.) 

rB  leBenroliea  of  the  last  ten  years  in  the  extreme  height  of  the 
moantains  of  the  fiEu:  west  of  the  United  States  has  shown  the 
miarkable  feature,  on  the  one  hand,  of  tibe  absence  of  glaciers  in 
iftoations  which  in  altitude  and  configuration  resemble  the  glacier 
sgions  of  Switzerland  and  Norway,  and  on  the  other,  espeoially  in 
m  higher  Cordillera,  of  the  ancient  presence  of  glaciers  in  the  torm 
r  modified  vaxfaoo  configurations,  vast  moraines  flanking  the  upper 
Qiges,  roohes  moutonn^,  and  polished  rocks,  at  various  kvels  above 
,000  feet.  The  researches  of  rro£  Whitney  and  his  assistants  in 
!•  Sierra  Nevada  have  developed  a  glacier  system  as  extensive  and 
I  vast  as  that  once  occupying  the  valleys  of  the  Alps,  but,  unlike  it 
i  the  present  day,  no  traces  of  glaciers  are  to  be  met  with  in  the 
nms,  save  one  or  two  rudimentary  masses  of  ice,  and  the  fields  of 
Brpetnal  n^v^.  This  snow,  though  deep  and  extensive,  is  not 
iffioient  to  initiate  glaciers,  the  whole  region  being  traversed  by  a 
'est  wind,  the  moisture  of  which  is  wrung  from  it  by  warm  as- 
mding  currents  from  the  valleys  below,  and  there  is  not  sufficient 
»ft  to  cause  any  great  precipitation  on  the  moimtain peaks;  thus  the 
eights  of  Colorado  are  less  snowy  than  those  of  the  Sierras,  and 
le  Wind  Biver,  Wahsatch  and  Uintah  ranges,  were  found  by  Mr. 
ling  to  be  even  less  than  the  Laramie  range  in  Colorado. 

In  September,  1870,  Mr.  King,  **  with  a  small  detachment  of  the 
r.8.  Geological  Exploration  of  the  40th  parallel,"  visited  Mount 
hasta,  Northern  California,  to  make  a  detailed  survey  of  the  lava 
irstems  which  flow  east  from  the  peak,  and  are  connected  with  the 
asalt  of  the  Desert  of  Nevada. 

Between  the  main  mass  of  Shasta  and  the  secondary  conical  cone 
Qbe  lesser  Shasta),  occurs  a  deep  gorge,  through  which  flows  a 
lacier  curving  round  the  base  of  the  latter,  its  width  there  being 
bout  4,000  feet,  and  not  less  than  three  miles  of  it  being  in  view, 
tarting  almost  at  the  crest  of  the  main  mountain,  the  top  of  which 
^as  found  to  be  14,440  feet  above  the  sea-level.  From  this  crest 
iree  glaciers  were  seen,  one  being  four  miles  and  a  half  in  length, 
ad  firora  two  to  three  in  width.  On  the  south  side  no  glaciers  or 
ren  snow  occurred,  which  accounts  for  Prof.  Whitney's  party  failing 
>  find  glaciers  on  this  mountain,  an  east  and  west  line  dividing  the 
!aot  with  glaciers  from  the  tract  without 

Small  masses  of  ice  were  found  on  the  shaded  side  of  many  of  the 
sep  ravines  or  caiions  which  intersect  the  lava  flows,  some  of  these 
lasses  being  from  one  to  two  thousand  feet  in  length ;  one  larger  one 
Korred  in  a  deep  canon  on  the  eastern  side  of  the  volcano,  being 
ivided  into  two  branches  by  an  uprising  dome  of  lava,  the  one  ex- 
nding  for  a  mile  and  a  half  down  the  canon,  the  8urfiEU)e  being 
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nearly  covered  by  the  fiJls  of.  stone  from  fhe  walli  or  di£Eby  tihft  itt 
beingonly  seen  where  the  stones  hare  found  theirwaj  in,  or  tbzoiii^ 
the  glacier,  the  other  branch  being  abmptly  tenninatod  by  a  ronnded 
bluff  900  feet  in  height  A  larger  glacier  occurs  on  the  noith-essl 
slope,  and  a  still  laiger  on  tlie  nc»thein ;  this  latter  ooTon  the  dope 
for  four  miles  in  brMdth,  and  SD]>^Tiding  into  many  snialler  atieanii 
on  reaching  the  canons  below,  where  it  is  believed  to  be  not  less 
than  1,800  to  2,500  feet  thick,  and  trnveraed  by  cravaases  2,000 
long  1^  80,  and  even  50  feet  in  width. 

With  the  exception  of  thin  shaip  edges  of  lavs  pnrfeoting  up- 
wards above  the  ffmeral  level,  the  whok  nortliem  fiuoe  ia  one  vast 
body  of  ice,  whi<£i  is  traversed  by  streams  which  jpenr  into  wide 
crevasses,  and  which  flow  out  muky  with  snspended  sand  at  the 
lower  ends.  Here  the  whole  ftee  of  the  ice  is  oorered  with  aheeti 
of  angular  d^brtM,  bat  neither  monlines  nor  dirt  bands  were,  observed. 
On  the  snowless  side  of  the  moontain,  at  a  hei|^  of  8,000  feet^  a 
great  torraoe  oocors,  nearly  8,000  ftet  in  width,  entively  uom|ioeed 
of  moraine  matter. 

In  a  letter  to  Mr.  Kinr,  Mr.  S.  F.  Emmons,  Assistant  Gkologist> 
describes  the  glaciers  of  Moant  TMshoma  or  Bainier,  which  form  the 
scarce  of  four  rivers  in  Waahington  Territoay,  The  summit  of 
l^homa  he  describes  as  consisting  of  three  peaks,  the  eastern  being 
the  highest^  separated  fiom  the  oti&rsby  deep  valleys;  it  is  a  oiroolsr 
crater,  a  quarter  of  a  mile  in  diameter,  bare  to  a  depth  of  60  ftet 
below  the  rim,  below  which,  down  to  2,000  feet,  the  mountain  slopee 
are  oovered  with  an  immense  sheet  of  white  granular  ice,  broken  by 
a  few  long  transverse  crevasses ;  below  this  it  is  divided  m  by  pro- 
jecting rock  ridges  into  ice  cascades  for  8,000  feet,  at  angks  almost 
approaching  the  perpendicular;  from  the  foot  flow  true  glaciers, 
sinking  deeper,  becoming  narrower,  and  exhibiting  smaller  angles  as 
they  descend. 

The  Nisqually,  the  narrowest  of  the  three  main  j^aoiers,  is  traversed 
at  its  lower  end  by  longitudinal  and  horizontal  crevasses,  where  it 
passes  over  unyielding  unconformable  syenite;  walls  of  lava,  1,000  to 
1,500  feet,  rise  as  precipices  above  the  surface  of  the  ice.  But  in  the 
Cowlitz  glacier  the  slopes  above  are  not  so  steep,  and  are  occasionally 
covered  with  the  Pinua  flexUia  and  the  mountain  fir,  the  former 
growing  as  high  as  2,000  feet  above  the  mouth  of  the  glader. 

The  largest  glacier  of  all  is  that  of  the  White  Biver,  which  flows  out 
of  the  crater,  extending  at  least  ten  miles,  being  five  miles  broad  on  the 
mountain,  and  a  mile  and  a  half  below.  It  appears  to  have  eroded 
and  cut  away  not  leas  than  a  third  of  the  mass  of  the  mountain,  the 
thickness  of  rock  removed  being  not  less  than  a  mile.  It  has  two 
principal  medial  moraines,  which  form  ridges,  with  peaks  neari^ 
100  feet  high.  It  is  divided  in  two  at  the  foot  of  the  slope  by  a 
rocky  ridge,  at  the  back  of  which  a  secondary  glacier  has  soocped 
out  a  basin-shaped  bed. 

In  a  report  to  Mr.  King,  Mr.  Arnold  Hague,  Assistant  Qeologist^ 
describes  the  extinct  volcano  of  Mount  Hood,  in  the  Oascade  range 
of  Oregon,  on  the  southern  slope  of  which  he  found  three  distinot 
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3TS  flowing  out  of  a  basin  of  ice  and  snow,  fiUing  the  crater, 
ti  is  nearly  half  a  mile  in  width.  In  these  glaciers,  which  are 
"n  as  those  of  White,  Sandy,  and  Little  Sandy  Bivers,  there  are 
irons  marginal  crevasses,  ice  caves  and  caverns,  and  fine  examples 
lined  and  laminated  structure  in  ice,  glacial  groovings,  and 
lers.  The  White  Eiver  glacier  descends  500  feet  below  the 
of  timber  trees  upon  the  slopes  of  the  mountains, 
ound  Mount  Hood  are  the  remnants  of  far  more  extensive 
iktion,  which  has  cut  trough-shaped  valleys  in  the  earlier 
ytio  lava  flows  of  the  volcano. 

lis  important  paper  is  not  only  interesting  for  the  light  which 
"ows  upon  the  past  and  present  glaciations  of  this  old  volcanic 
n  of  Northern  California,  but  as  throwing  light  on  that  of  the 
ish  Lake  District  and  Welsh  Mountains,  showing  how  it  is 
ble  for  ice  to  entirely  cover  the  mountains  above,  without  filling 
ill  and  valley  below.  0.  K  Ds  Bakob. 


Journal  of  the  Boyal  Agbioultubal  Sooibty  ov  England. 
Second  Series.    Vol.  VII.    Part  L     1871. 

BEE  papers  in  this  number  of  the  Agricultural  Society's  Journal 
command  our  attention.  (1).  Mr.  Jenkins,  F.G.S.,  reports  on 
features  of  Scottish  agriculture,  paying  particular  attention  to 
rabjects  of  Lowland  farming,  Dairy-farming,  Aberdeenshire 
^.feeding,  Highland  sheep-farming,  and  West  Highland  cattle- 
ling.  The  subject  of  Lowland  farming,  including  arable  farming 
e  East  and  West  of  Scotland,  has  been  illustrated  with  an  ac- 
t  of  four  Lowland  farms.  The  geology  of  the  farms  is  briefly 
ed.  On  one  a  rich  red  loam,  derived  from  the  Old  Bed  Sand- 
)  is  endowed  with  great  natural  fertility ;  on  another  the  soil 
rally  rests  on  interbedded  felstone,  but  in  parts  intrusive  green- 
\  or  columnar  basalt  comes  to  the  surface ;  there  is  also  a  blow- 
and,  certainly  an  ungrateful  soil,  for  the  crops  are  liable  to  be 
n  away.  The  description  j»f  these  farms  shows  the  various 
ods  by  which  good  cropji  may  be  produced  under  diflerent  cir- 
itances,  whether  by  >gbod  land,  good  cultivation,  or  liberal 
uring. 

).  "nie  agricultuiti  capabilities  of  the  New  Forest  form  the 
)ct  of  a  paperky  Mr.  W.  C.  Spooner.  This  tract  of  land  oom- 
8  from  63,00oto  66,000  acres  in  the  south-west  of  Hampshire ; 
erly  indee^it  was  far  greater,  for  in  Domesday  Book  its  extent 
iren  as  nqi'less  than  147,200  acres.  So  favourable  is  its  aspect, 
were  itff  soil  equally  good,  the  most  sanguine  expectations  of  its 
■e  productiveness  would  be  realized.  The  sub-soil,  however, 
38  frotn  a  retentive  clay  to  the  most  arid  sand,  and  the  surface- 
nevejr  very  deep,  varies  from  a  few  inches  of  the  poorest 
rial  t|0  6  or  8  inches  of  hazel  loam.  The  geological  formations 
«ent  ad  belong  to  the  Middle  and  Upper  Eocene  groups,  and 
\  have  been  described  in  an  article  incorporated  with  this  paper, 
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by  Mr.  T.  Oodrington,  T.G A, «to.^    Thi^iDdhdsttB 

the  Upper  Bapbot  Bed^  tht  Bmjob,  HfcinHtAMb  —d 

■hot  Beds.    Ohrarlying  thsM  ftMnatioM  ii  ft  dMil  «f 

whioh  Yariea  fiEom  2fa0tto6or8ftetift~~ 

the  open  plaint  and  hfiftHM  of  the  Ftaifr,  eofHfavnlM«l4AUll 

thedaatriot    TheHe■dlmBedabOQnai■ftil«ef«^ft■M* ^  ^^>-> 

Bome  of  the  beat  land  in  the  IVffeat    In  nguA  to  Hm 

the  Foxeet,  Mr.  Spooner  tfw^eiitmea  IhaA  adt  leai  Hhb  JQjOW^ 


would  be  ibond  to  repaj  the  winenaa  of  tillMf^  Hat  tiiin<ani 
faoilities  for  am^lioiahng  the  kna  by  meana  ok  aa 

(8).  The(>»ipai»dTeAgrwidtnmofEn|^andandWalaniftMM 
of  by  Mr.  W.  Topley ,  F.O&,  of  the  Geol^^  Batnj  of  l^fM* 
In  order  to  obtain  aome  aoouate  kliowiad|^ tf  Urn  SUtSbnmd 
oropa,  with  the  view  of  oomparnup  them  wdh  ihm  pimtaal  aInaM 
of  ihe  oonntiy,  Mr.  Topley  baa  crienlrtad  the  paraaniBa  tif  ^aMBVl 
devoted  to  eadbu  A  table  aooompanying  hie  paper  lkftmm.tb$Lfi* 
oentage  of  eaqh  orop  to  the  total  aoceage  of  eaob  ooonty  in  BapM 
and  Walea.  He  lemarka  that  in  tr^n^  to  olaaaU^  the  Bq^ 
eonntiea  aooording  to  their  leading  phjaual  faahiraa,  wm  fnl  At 
the  western  part  of  the  oonntry  qontahia  the  IflKgaafc  novtioai  of  hUk 
land,  and  tbftt  thia  higher  weatem  land  ia  oooiq^aa  hj  Urn  dm 
geologioal  fomuttiona.  A  map  of  xaaafaU  and  toaBpemtan  ihiM 
that  the  greateat  fiJl  ii  over  the  weatem  h|g^  laada;  attd«  qpialpaiK 
generally,  o^r  other  dlatriota  the  hU  ia  in  piepoatton.  to  the  hiUt 
of  the  ground.  Summer  tanperatore  ia  of  great  Importanoa;  wk 
is  highest  over  the  eastern  oentnd  diatriot.  Conaiderad  agxicailtiiiaU|i 
we  find  that  the  western  ooontiea  are  oharaotenaed  bj  their  laig» 
acreage  of  grazing  land,  whilat  in  the  eaatam  there  ia  n  high  ja> 
centage  of  oom  land.  There  is  thus  a  general  ooineidBnoe  betweaa 
geological  struoture,  oontonr,  oUmate^  and  affxionltnml  prodnola 
These  fear  classes  of  faots  are  of  importanoe  in  ue  order  hero  given: 
each  is  controlled  by  the  one  that  preoedea  it  Agrionltare  dependi 
mainly  on  climate,  climate  mainly  on  oontonr,  and  oontoor  mainlf 
on  geological  struoture. 

Mr.  Topley's  paper  is  deserving  of  oaieful  study  l^  aU  those  who 
are  interested  in  agrioultural  geology. 


I.— Gbolooioal  Subvby  or  India — "Ahkuax.  Bipobt"  AKn 

"  Bkoobds." 

THE  progress  of  British  Systematic  (Geologioal  inqoj  being  im- 
portant, we  are  glad  to  observe  that  the  olose  or  ^  4taii^al 
year  brings  with  it  the  Heport  of  the  G^logioal  Surv^  gf  Iiidia» 
occupying  the  first  fifteen  pages  of  the  Beoorda  of  that  Bnr^^  for 
1871 ;  and  although  Indian  affairs  short  of  a  politiofld  oataig^igphe  axe 
said  to  excite  but  little  interest  here,  this  Indian  Survey  ISLgogggi  will 


Mr.  Codrington  haa  also  laid  down  the  geology  of  the  Kew  Femt  on  (i^gMnlli 
chromo-lithognphic  map  aooompaDyiiig  thia  paper.  r 


Remeuf^-^ChologictU  Survey  of  India.  .273 

at  least  reoeive  the  attention  of  the  geological  world  in  Europe,  and 
4ii  addition,  perhaps,  that  of  some  others,  now  the  oommercial  as 
m^il  as  scientitic  subject  of  the  development  of  New  Indian  Goal* 
fields  has  been  recency  under  notice. 

-  Dr.  Oldham  first  alludes  to  the  decreased  number  of  his  assistants 
jdming  the  past  year,  death,  disease,  and  absence  on  leave,  having 
4mdiioed  the  effective  staff  from  some  sixteen  individuals  to  only 
ihiee-fourths,  who  have  nevertheless,  as  the  report  shows,  energeti- 
-eftlly  carried  forward  the  large  and  widely  extended  operations  of 
ibe  Survey. 

The  results  for  the  year  are  not  stated  in  square  miles,  nor  is  this 
,  space  bearing  an  indefinite  relation  to  value,  where  all  is 
•■lore  or  less  difficult  of  access ;  but  the  great  areas  shown  upon  the 
aeoompanying  map  as  ''  in  progress,"  and  preparing  for  publication, 
Kiipe  an  idea  of  what  the  Survey  has  accomplished  in  dangerous 
iirilds,  which  compares  favourably  with  the  l^hter  labours  of  field 
'geologists  in  our  own  highly  civilized  and  more  accessible  land ; 
Iwliile  the  publications  for  the  year,  some  of  which  we  have  previously 
notioed, — together  with  those  nearly  ready,  but  unavoidably  delayed 
llj  the  preparation  of  the  maps, — place  the  Survey  in  a  light  in  this 
xespect  quite  as  advantageous  as  that  in  which  British  Home  and 
•Foreign  Geological  Memoirs  have  always  been  deservedly  regarded. 

A  sadly  large  proportion  of  death  vacancies  on  the  small  staff  of 
"die  Indian  Survey  retards  its  pn^^ss  by  rendering  it  difficult  to 
leplace  the  losses,  owing  to  the  illiberality  of  the  terms  accorded  by 
€k>vemment  regarding  leave  and  retirement ;  the  laboriously,  and 
often  expensively,  educated  officers  being  placed  in  that,  to  Europeans, 
least  favourable  grade,  the  unoovenanted  sei*vice,  together  with 
crowds  of  natives,  for  whom  its  rules  apparently  were  framed — two 
years'  furlough  out  of  thirty  years'  service  comparing  but  badly 
with  the  six  and  eight  enjoyed  by  the  Civil  and  Military  Services 
respectively.  The  difficulty  of  supplying  the  vacancies  on  present 
terms  will  hardly  be  lessened  by  the  Superintendent's  observation 
that  Assurance  Companies  decline  to  insure  the  lives  of  the  officers, 
as  no  premium  whatever  would  cover  the  risk  !  After  this,  it  is  not 
surprising  that  the  last  vacancy  has  not  been  filled  by  an  English 
geologist,  and  Dr.  W.  Waagen  deserves  credit  for  displaying  German 
bravery  in  accepting  th^ -appointment. 

It  appears  from  th^t)ody  of  the  report  that  the  Survey  has  been 
employed  in  about  ^  dozen  different  districts,  independently  of  the 
coal-regions  now'^attracting  general  attention,  and  of  which  it  is 
satisfactory  to  J^rn  that  the  efforts  to  prove  the  extent  of  one  field 
by  means  of  feorings  have  been  most  successful.  "  The  continuance 
in  almost  uyil^rokeu  extension  and  in  thick  beds,  at  no  point  more 
than  seventy  yards  from  the  surface,  of  coal,  easily  accessible  and 
abundant,  (liroughout  almost  the  entire  length  of  the  Wun  district  in 
East  Berai',  along  the  valley  of  the  Wurdha,  having  been  established 
by  the  GJ^ological  Survey  in  a  portion  of  one  season's  work." 

It  is  aiso  satisfactory  that  these  mining  operations  have  passed 
into  the' control  of  local  authorities,  upon  whom  the  responsibility 
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will  rest,  Tather  than  upon  the  amall  Survey  Staff,  whoM  pnpv 
avooationB  in  geoloffioally  ■nxrejring  the  country  will  be  naedad  m 
other  diiectionfl,  and  are  of  a  diffiorent  and  higher  nature  than  men 
miners'  oaUing,  in  meohanioally  traoing  underground  beds  of  ooiL 

We  are  sorry  to  obserre,  however,  that  notwithataoding  the  ei- 
iatence  of  the  Indian  Surrey,  Geokgloal  Maps,  for  which  HSoj  an  h 
no  way  responsible,  have  been  pablished  ''in  poblio  dommienii 
which  entirely  misropreeont  the  true  state  of  the  case.*'  Siuely 
these  ought  to  have  been  submitted  to  the  very  competent  mxpet- 
vision  of  the  Indian  Survey  before  being  permitted  to  mppear  with 
authority,  and  Doctor  01dhun*s  disclaimer  should  be  remembeced. 

In  connexion  with  the  subject  of  Indian  coal,  inflated  stateimenti 
regarding  coal  discoveries  found  fheir  way  into  the  Ludiaa  news- 
papeiB,  and  to  these  an  unthinlring  public  seems  to  have  attadied 
undue  credit ;  indeed,  the  positive  nature  of  some  led  to  investi^ 
tion  on  the  part  of  the  Surve;)^,  the  results  fiilly  proving  the  neocssity 
of  having  sound  scientific  opinions,  instead  of  newspaper  reports  or 
unsupported  statements  in  cases  upon  whidi  the  aenerai  poblio  and 
many  otherwise  well-educated  persons  still  lack  ttie  unaided  alnlity 
to  form  sound  conduaions.  Two  cases  of  the  kind  are  mentioned  in 
the  report.  In  the  first,  ** excellent  steam  coal"  and  ''beautifDl 
coal-plants  "  were  stated  to  have  been  found  within  a  short  distance 
of  a  railway  I  The  coal  turned  out  to  have  ocooixed  in  angnler 
fragments  on  the  surface  of  a  hill  of  gramU-^fmm$$ !  within  three 
miles  of  a  contractor's  coal  depdt,  and  in  the  line  followed  by  the 
carts  which  had  conveyed  a  quantity  of  similar  North  of  England 
coal  to  the  depot  1 1  while  the  ''beautiful  coal-plants"  were  the  im- 
pressions of  the  existing  grass  rootleta  which  had  forced  their  way 
between  the  divisions  of  the  rook  1 1 1 

In  the  other  instance,  thick  and  valuable  coal-beds  were  reported 
to  have  been  discovered,  and  borings  were  prosecuted  with  great 
vigour  under  charge  of  an  executive  engineer.  Months  later  the 
matter  came  to  the  cognizance  of  the  Survey ;  the  place  was  visited 
by  Dr.  Oldham  himself,  but  nothing  like  sati^foctory  evidence 
was  obtained.  No  actual  coal-bed  had  ever  been  cut,  but  coal-frag- 
ments were  brought  up  mixed  with  slush  and  day.  Ultimatdy  new 
borings  were  put  down  in  the  most  likely  direction ;  but  just  when 
one  of  these  had  nearly  reached  the  asserted  depth  of  the  bed,  the 
overseer  in  charge  disappeared,  and  on  searohing  his  house  lumps 
and  broken  fragments  of  coal  identical  with  that  brought  up  by  the 
borings  were  found,  leading  to  the  strong  suspidon  that  the  coal 
fragments  had  been  put  into  the  bore  holes.  Tlie  last  of  these  was 
carried  right  through  the  space  in  which  the  bed  was  stated  to  exist, 
but  not  a  trace  of  coal  was  met  with. 

This  fraud  might  not  have  been  perpetrated  if  the  pay  and  position 
of  the  overseer  had  been  such  as  he  would  not  like  to  have  en- 
dangered, and  several  months  of  boring  operations  might  *have  been 
saved  either  by  employing  a  well-paid  respectable  man,  or  by  an 
earlier  ap])lication  to  the  Geological  Survey.  This  part  of  t.^  Bepoit 
is  commended  to  those  whose  duty  it  ought  to  be  to  prelect  the 
public  interests. 
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Further  on,  the  publications  of  the  Survey  are  enumerated,  and 
the  alteration  of  the  issue  of  the  ''  Paleeontologia  Indica "  from 
quarterly  to  annual  parts  is  mentioned,  the  latter  appearing  to  be 
ttie  most  advantageous  form  in  which  to  send  them  forth.  Tlie 
Report  concludes  ¥dth  notices  of  the  additions  to  the  Library  and 
Meteorological  Collection,  the  progress  in  cataloguing  the  Museum 
specimens  and  analyzing  coals,  the  usual  list  of  Societies  and  other 
institutions  from  which  publications  have  been  received  being  ap- 
pended. 

The  remaining  papers  in  this  number  oMbe  ^^Becord"  are  two  : 
one  on  the  alleged  Discovery  of  Coal  near  Qooty,  and  of  the  indica- 
tions of  Goal  in  the  Cuddapah  District,  by  B.  Bruce  Foot,  Esq., 
F.G.S.,  in  which  the  first  dtBconertf:  above  alluded  to  is  more  fully 
treated  of,  and  another  noticed ;  the  dribblings  from  the  guano  of 
bats  and  birds  issuing  from  cavities  in  recent  travertin  having  been 
mistaken  for  petroleum  by  a  certain  Dr.  H— ,  whose  statements 
led  to  Mr.  Foot's  investigations,  and  whose  name  wo  charitably  sup- 
press, as  his  alleged  discoveries  can  confer  on  him  no  credit  according 
to  this  paper.  The  other  is  a  sketchy  but  interesting  record  of  the 
Mineral  ^tistics  of  Euamon  Division,  etc.,  by  A.  W.  Lawder,  Esq., 
O.E.,  Divisional  Engineer* 


II.— AMERICAN  GEOLOGICAL  SITRVETB. 
{Continued  from  page  225.) 

1. — Bepobt  on  thk  Pboqbxss  of  thk  Statb  Geoloqioal  Subvey 
OF  Michigan.  Presented  November  22,  1870.  By  Alexander 
WiNCHELL,  LL.D.,  Director. 

TELB  Government  appropriate  8000  dbls.  annually  for  the  Geo- 
logical Survey  of  Michigan.  Half  of  it  is  applied  to  the  in- 
vestigation of  the  rocks  of  the  Northern  Peninsula.  Field-work,  has 
been  carried  on  for  two  years.  The  assistants  are  Major  T.  B.  Brooks 
and  Professor  B.  Pumpelly.  The  sub-assistants  are  Professors  N.  H. 
Winchell,  M.  W.  Harrington,  and  E.  A.  Strong ;  A.  S.  Wadsworth,  C. 
B.  Headley,  A.  O.  Currier,  J.  H.  Emerton,  J.  N.  Armstrong,  C.  M. 
Boss,  S.  W.  Walker,  A.  B.  Marvin,  and  L.  G.  Emerson.  This 
pamphlet  briefly  sets  forth  the  progress  of  the  wovk,  and  the  plan 
of  the  Final  Beport,  much  of  the  material  for  which  is  already  in 
band.  Attention  is  paid  to  the  Geography,  Hydrograpby,  Topo- 
graphy, Climatology,  Magnetography,  Vegetation,  Sanitary  Cha- 
racteristics, Statistics  of  Population  and  Improvements^  Fruit  Pro- 
duction, and  Agriculture  of  the  State,  as  well  as  its  Geology,  the 
latter  claiming  the  lion's  share. 

The  Survey  of  the  Iron  region  near  Marquette  is  nearly  completed. 
Eleven  large  maps  of  the  most  important  mines  are  nearly  ready  for 
the  engraver.  DiscovericB  have  been  made  of  new  and  large  beds 
of  iron  ore  in  the  forest  unsettled  country,  upon  lands  owned  by  the 
State.  The  older  beds  belong  to  the  Huronian  system,  jf^yfrd 
thousand  feet  thick.    All  the  rocks  appear_j9  h>i 
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mentary  origin,  though  often  presenting  oombinations  snggeBtiTe  of 
aii  igaeous  character.  The  following  is  their  order,  in  descending 
scale:— 1.  Qiiartzite,  2.  Hematitio  and  Magnetic  Ores,  3.  Fena- 
giiious  Quartzite,  4.  Diorite,  5.  Ferruginous  Qnartzite,  6.  Diorite,  7. 
Ferruginous  Quartzite,  8.  Diorite,  9.  Ferru^nous  Quartzite^  10. 
Diorite,  11.  Talcose  schist,  12.  Quartzite,  13.  Laurentian.  The 
Copper  region,  under  the  superintendence  of  Professor  Pumpelly, 
is  being  mapped  upon  the  scale  of  300  feet  to  the  inch.  The  field- 
work  has  led  to  Uie  accumulation  of  numerous  details  respecting 
the  distribution  of  the  several  formations,  which  cannot  be  presented 
in  a  report  of  progress,  but  they  have  necessitated  many  improTe- 
ments  upon  the  Geological  Map. 

Closely  connected  with  the  results  of  the  field-work  is  an  elaborate 
paper  by  Professor  Winchell  upon  the  Marshall  Crroup,  in  the  Ptih 
ceedinga  of  the  American  Philosophical  Society.  The  Michigan 
Beports  present  an  array  of  many  new  local  names.  This  has  been 
necessitated  by  the  isolated  position  of  the  Carboniferous  and  De- 
vonian Eocks  of  the  Lower  Peninsula.  The  Marshall  Group  is 
proved  to  lie  at  the  base  of  the  Carboniferous  system,  and  to  be  the 
equivalent  of  part  of  the  Waverley  series  of  Ohio,  the  Catskill  g^up 
in  New  York,  the  Goniatite  Limestone  of  Indiana,  the  Kinderhook 
group  of  Illinois,  the  Yellow  Sandstones  (Hall)  of  Iowa,  the  Chonteau 
Limestone,  vermicular  Sandstone  and  lithographic  Limestone  of 
Missouii,  and  the  Silico-bituniinous  shales  at  the  base  of  the  Sili- 
ceous grouj^  of  Tennessee.  ITiis  is  a  novel  conclusion  in  American 
Geology.  Most  geologists  have  followed  the  lead  of  Professor  James 
Hall,  who  regarded  them  generally  as  the  equivalents  of  the  Chemung 
ami  Portage  groups,  at  the  summit  of  the  Devonian,  while  the  Cats- 
kill  Rod  Sandstone  has  headed  the  column  of  the  New  York  system 
for  the  past  thirty  years  as  beneath  the  Carboniferous.  This  con- 
clusion is  adopted,  at  least  for  the  State  of  Ohio,  by  Dr.  Newberry 
and  others.  The  theory  is  based  l)oth  upon  lithological  and  palaeon- 
tologiciil  grounds.  In  this  "  Marshall  gi'oup  "  Professor  Winchell  finds 
that  tlicr(3  have  been  collected  41G  species  of  fossils,  viz.,  nine  plants, 
thirteen  Polypi,  27  (.^rinoids,  one  FenestcUa,  124  Brachiopods,  116 
Lamollibrancliiates,  13  liellerophon,  four  PorceUia,  48  Gastcropods, 
40  Cej>]ialopods,  nine  Trilobites,  one  Ostracod,  four  Fishes,  and  one 
rieifrodicti/a.  Those  identified  species  have  been  collected  in  eleven 
detaclied  districts  or  States,  which  have  yielded  severally  the  follow- 
ing numbers: — North  Michigan,  23;  South  Michigan,  93;  Ohio,  189; 
Indiana,  45;  Illinois,  27:  Iowa,  IGO;  Missouri,  77;  Kentucky,  2; 
Tennessee,  13;  New  York,  9;  Pennsylvania,  9;  total,  697.  Great 
additions  liave  since  been  made  to  tliis  list  in  Ohio. 

The  Waterlime  division  of  the  Lower  Helderberg  formation  has 
now  been  found  in  ^licliipin.  It  contains  the  Eartfpterus  remipes 
(De  Kay).  An  apparently  new  assembla^^e  of  Hamilton  and  Comifer- 
ous  Limestone  species  is  found  in  the  rocks  of  the  Lower  Peninsula, 
and  has  received  the  name  of  the  "  Grand  Traverse  group."  The 
"Huron  group"  contains  a  peculiar  assemblage  of  fossils,  and  the 
term  may  be  a  bettor  one  than  its  New  York  equivalent,  the  Genesee 
and  Fortago  groups. 
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The  Direotor  shows  that  an  immense  amount  of  good  field  and 
office  work  has  been  well  done,  and  he  estimates  that  two  appro- 
priations of  80,000  dels,  and  two  years*  work  will  enable  him .  to 
complete  the  Survey  and  publish  the  results.  C.  H.  H. 

2. — ^Thb  Geologic  ax.  Survey  of  Ohio. — In  1836  and  1837  there  was 
a  public  Greological  Survey  of  the  State  of  Ohio,  under  the  direction 
of  Mr.  W.  W.  Mather.  Nothing  more  was  done  towards  exploring  the 
geology  of  this  interesting  region  for  more  than  thirty  years,  when 
a  bill  was  passed  (1869)  providing  for  a  thorough  Survey.  Prof.  J.  S. 
Newberry,  LL.D.,  was  appointed  chief  geologist,  assisted  by  B.  B. 
Andrews,  Edward  Orton,  and  John  H.  Klippart;  also  by  the  fol- 
lowing ''local  assistants":  Bev.  H.  Hertzor,  M.  C.  Bead,  Fred 
Prime,  junr.,  W.  P.  Ballantine,  G.  K.  Gilbert,  Andrew  Sherwood, 
B-  D.  Irving,  W.  A.  Hooker,  W.  B.  Potter,  Henry  Newton,  and  H. 
A.  Whiting. 

Oaring  the  interval  of  thirty  years  between  the  two  geological 
Surveys  of  Ohio,  the  States  on  cdl  sides  had  been  explored,  but  it 
was  impossible  to  synchronize  satisfactorily  all  the  formations  of  the 
West  with  those  of  New  York,  as  they  had  not  been  traced  across 
Ohia  It  was  generally  believed  that  the  Waverley  group  was 
Devonian,  and  the  Black  shales  the  equivalent  of  the  Genesee  slate. 
Dr.  Newberry,  immediately  after  his  appointment,  commenced  to 
map  the  distribution  of  all  the  formations,  and  to  collect  their  fossils, 
and  has  met  with  eminent  success.  His  scheme  for  the  Ohio  rocks 
is  the  following,  entitled,  Preliminary  Oeological  Map  of  Ohio,  pre- 
pared from  the  notes  of  the  Geological  Corps,  by  J.  S.  Newberry, 
Chief  Geologist,  1870. 

SiLUBiAN,  1.  Cincinnati  group  (Trenton  and  Hudson) ;  2.  Clinton 
group;  3.  Niagara  group;  4.  Waterlime  and  Salina.  Devonian, 
5.  Oriskany  Sandstone ;  6.  Corniferous  Limestone ;  7.  Hamilton 
group ;  8.  Huron  shale  (Genesee  and  Portage) ;  9.  Erie  shales 
(Portage  and  Chemung).  Carboniferous,  10.  Waverley  group; 
11.  Lower  Carboniferous  Limestone;  12.  Carboniferous  Conglomerate ; 
13.  Coal-measures. 

No  rock  lower  than  the  Cincinnati  group  appears  at  the  surface 
in  Ohio  ;  but  at  an  artesian  boring  at  Columbus  both  the  Calciferous 
and  the  Potsdam  sandstones  were  found  The  Cincinnati  group  is 
about  1,000  feet  thick.  The  Clinton  is  from  10  to  100,  and  the 
Niagara  about  80  feet  thick.  The  Salina  and  Waterlime  groups  had 
not  been  known  in  the  State  previous  to  Newberry's  explorations, 
and  they  seem  to  cover  more  of  the  territory  than  any  other  forma- 
tion except  the  Coal-measures.  They  contain  gypsum  and  salt 
The  Oriskany  Sandstone  was  also  a  new  discovery,  and  is  about 
20  feet  thick,  commonly  destitute  of  fossils.  The  Corniferous  Lime- 
stone, or  the  Upper  Helderberg  of  New  York,  had  long  been  known 
to  exist  in  Ohio,  and  Dr.  Newberry  succeeded  in  finding  enormous 
fishes  in  it,  besides  remarkable  specimens  of  trees,  the  oldest  land 
plants  yet  found  in  America.  About  20  feet  of  the  Hamilton  group, 
with  its  characteristic  fossils,  was   also  newly  discovered  b^  \k^ 
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Snrvey.    The  old  band  of  die  Black  slate  proved  to  be  Noa.  8  and  9 
of  the  series.     Hie  Chemimg  group,  whidi  is  a  aand-rock  in  Neir 
York,  passes  into  a  slate  in  Ohio.     Not  awaro  of  this  lithological 
change,  it  is  not  strange  that  die  earlier  geologists  attempted  to  cor- 
relate it  with  the  higher  Waverley  group.     So  satisfactoiy  is  the 
new  identification,  that  it  was  immediately  adopted  by  uie  Oeo- 
logical  Section  of  the  American  Association  for  the  Adyancement 
of  Science  without  a  dissenting  voice.    The  Huron  shale  is  a  new 
name  b^^rrowed  from  the  Michigan  Survey,  and  it  seems  to  be  a 
better  designation  than  the  New  York  equivalents.     It  had  beoi 
8up}x^sed  to  be  the  equivalent  of  the  Hamilton.      It  contains  the 
Dinichthys  Heneri}    The  Erie  shales  on  a  superficial  view  appear  to 
l>e  identical  with  the  Huron  group,  but  the  imbedded  fossils  show  that 
the  two  groups  do  not  run  parallel  to  each  odier, — they  meet  along 
the  line  of  strike.      They  aro  400  feet   thick — and  contain  few 
fossils  of  interest 

The  old  Waverley  series  is  now  sub-divided  in  the  north  part  of 
the  State  into  the  Cuyahoga  shale  150  feet,  Berea  grit  50  feet, 
Bedford  shale  60  feet,  and  the  aeveland  shale  20  to  60  feet  thick. 
It  is  the  equivalent  of  the  Marshall  group  of  Midiigan,  as  earnestly 
maintained  by  Winchell  before  the  organization  of  the  Ohio  Survey. 
Fifteen  species  of  fish  rewarded  the  collectors  in  1869,  belonging  to 
the  genera  Paliraniscus,  Ctenacamihui^  Oyraeanthu,  Orodus,  Hdodus, 
PolyrhizodM.  CSadodus.  The  Carboniferous  Conglomerate  is  a  hard 
rock  al>out  100  feet  in  thickness,  forming  the  floor  of  the  Coal- 
measures,  and  containing  many  plants  like  those  of  the  Coal-measures. 
It  is  the  Millstone  Grit  of  the  Old  World. 

None  of  the  final  results  of  the  Survey  will  do  more  for  the  ad- 
vancement of  Paleontology  than  the  history  of  the  Coal-measures. 
Dr.  Newberry  has  devoted  many  years  of  his  life  to  the  study  of  its 
plants  and  animals,  and  has  finer  illustrations  of  them  than  any  other 
person  in  the  country.  Fifty  plates  of  drawings  are  ready  for  pub- 
lication. Tliere  are  ten  workable  beds  of  coal  in  this  State,  cover- 
ing about  one-fourth  of  its  area,  or  10,000  square  miles,  and  belong- 
ing to  the  great  Appalachian  Coal-field. 

The  material  on  hand  a  year  since,  ready  for  publication,  was 
sufficient  to  form  an  octavo  volume  of  500  pages,  consisting  of  an 
historical  sketch  of  geological  investigation  in  Ohio,  descriptions  of 
physical  geography,  the  relations  of  Ohio  geologically  to  North 
America,  with  detailed  descriptions  of  the  formations  themselves  and 
their  characteristic  fossils.  The  firet  part  of  it  has  already  appeared, 
forming  an  octavo  volume  of  184  pages.  C.  H.  H. 

>  See  Gbolooigai.  Maoazinb,  1868,  Vol.  Y.,  p.  184. 
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GsoLOOiOAL  Society  of  London. — ^T. — April  5,  1871. — Professor 
orris,  Vice-President,  in  the  Chair.  The  following  communications 
are  read : — 1.  "  On  a  new  Chimseroid  Fish  from  the  Lias  of  Lyme 
^"  By  Sir  Philip  Grey  Egerton,  Bart,  M.P.,  F.B.S.,  V.P.G.S. 
This  fish,  for  which  the  author  proposed  the  name  of  hchyodm 
thorhinuBy  was  represented  by  a  specimen  showing  the  anterior 
mctures  imbedded  in  a  slab  of  Lias.  It  exhibited  the  charac- 
ristio  dental  apparatus  of  the  Chimaeroids,  surrounded  with  sha- 
een,  a  very  lai^  prelabial  appendage  six  inches  long,  and  ternii- 
.ting  in  a  hook  abruptly  turned  downwards,  and  a  process  which 
e  author  r^arded  as  representing  the  well-known  rostral  appen- 
ge  of  the  male  Chimasroid,  but  in  this  case  attaining  a  length  of 
I  inches,  and  covered  more  or  less  thickly  with  tubercles,  bearing 
oorved  central  spines  somewhat  tooth-  like  in  their  aspect.  This 
ipendage  is  attached  to  the  head  by  a  rounded  condyle,  received 
to  a  hollow  in  the  frontal  cartilage.  The  dorsal  spine,  which 
easured  6  inches  in  length,  was  articulated  by  a  rounded  surface 
a  strong  cartilaginous  plate  projecting  upwards  from  the  noto- 
lOidal  axis,  and  was  thus  rendered  capable  of  a  considerable  amount 
motion  in  a  vertical  plane.  This  structure  also  occurred  in 
iliorhynchua  and  Chimcera, 

Ddcubsion. — Dr.  Giiiither  commented  on  the  interest  of  this  discoTenr,  as  in  no 
ber  Sharks  is  the  same  articulation  of  the  dorsal  spine  as  that  descnoed  in  the 
per  to  be  found.  He  inquired  whether  the  granulat^  plate  supposed  to  be  dorsal 
ght  not  be  a  part  of  the  ammture  of  the  hiteral  line,  as  in  Sturgeons.  Ue  thought 
il  the  Chimsroids  would  eventually  prove  to  be  intermediate  between  the  Ganoid 
d  Shark  types,  and  that  all  belonged  to  one  sub-class. 

Mr.  Gwyn  Jeffreys  inquired  what  other  remains  weve  found  with  these  fishes,  such 
might  represent  the  food,  molluscan  or  otherwise,  on  which  they  lived. 
Sir  P.  Egerton  replied  that  there  was  no  deficiency  of  pabulum  for  any  kind  of  fish 
the  sea  representMi  by  the  Lifts  of  Lyme  Regis.  He  also  made  some  remarks  on 
other  somewhat  simihr  specimen  in  his  own  museum.  The  plate  refinred  to  by 
r.  Giinther,  he  stated,  was  symmetrical,  and  not  like  the  lateral  plates  on  the 
mgeon,  which  are  unsymmetncal.    He  therefore  thought  it  dorsaL 

2.  "  On  the  Tertiary  Volcanic  Rocks  of  the  British  Islands."  By 
rchibald  Geikie,  Esq.,  F.R.8.,  F.G.8.,  Director  of  the  Geological 
arvey  of  Scotland,  and  Professor  of  Geology  and  Mineralogy  in 
le  Dniversity  of  Edinburgh.  (First  paper.) 

In  this  communication  the  author  gave  the  first  of  a  series  of 
ipers  which  he  proposes  to  lay  before  the  Society  upon  the  volcanic 
K)k8  of  Britain  of  later  date  than  the  Chalk.  In  a  general  intro- 
iction  to  the  whole  subject,  he  pointed  out  the  area  occupied  by  the 
Ksks,  showing  that  they  are  chiefly  developed  along  the  broad  tract 
hich  extends  from  the  south  of  Antrim,  between  the  chain  of  the 
uter  Hebrides  and  the  mainland  of  Scotland,  up  into  the  Faroe 
ilands,  and  even  to  Iceland.  The  nomenclature  of  the  rocks  was 
iscussed,  and  the  following  arrangement  was  proposed : — 
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The  ngo  of  the  rocks  was  ihown  to  be  included  in  the  Terdery 
period  l>y  tlie  iH'isilion  of  the  Tolcoiiic  maaees  above  the  Cbalk,  aiM 
b;  thoir  iiicliiiiiiig  beds  oontaintug  Miocene  plants. 

As  nn  iUiislmtive  district,  the  autlior  de8crit>ed  the  volcanic  geo- 
logy of  the  Islnnd  of  Ei^,  one  of  the  Inner  Hebrides,  and  brooght 
out  the  following  points : — 

1.  The  voiciiiiic  rocks  of  this  island  rest  anoonfonnably  upon 
strata  of  Oolitic  age, 

2.  They  consist  almost  wholly  of  a  sucoession  of  nearly  horiumtal 
interbeddeil  sheets  of  dolerite  and  basalt,  forming  an  isolated  frag- 
ment of  the  great  volcnnic  plateau  which  stretches  in  broken  masies 
from  Antrim  through  the  Inner  Hebrides. 

3.  These  interbedded  alieets  are  traversed  by  veins  and  dykes  of 
similar  materials,  the  dykes  having  the  charaoteristio  north-westeiiy 
trend,  with  which  they  pass  across  the  southern  half  of  Sootland  and 
the  North  of  England.  Veins  of  pitchatone  and  felstone,  and  intrn- 
sive  masses  of  quartziferous  porphyry,  like  aome  of  those  which  in 
Skyo  traverse  or  overlie  the  Lias,  likewise  intersect  the  bedded  doU> 
rites  and  basalts  of  Eigg, 

i.  At  least  two  widely  separated  epochs  of  volcanic  activity  are 
n<preeented  by  the  volcanic  rocks  of  Kigg.  The  older  is  marked  by 
the  bedded  doierites  and  by  the  basalt  veins  and  dykes  which,  thou^ 
strictly  speaking  younger  than  the  bedded  sheets  which  they  ioter- 
seot,  yet  probably  belong  to  the  same  continuous  period  of  volcanic 
action.  The  later  manifestations  of  this  action  are  sbovm  by  the 
pitchstone  of  the  Sciiiz.    Cofbte  that  rock  was  erupted,  the  older  do- 
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>  lavas  had  long  oeased  to  flow  in  this  district  Their  suooes- 
•eds,  widely  and  deeply  eroded  by  atmospheric  waste,  were  here 
ved  into  a  valley  traversed  by  a  river,  which  carried  southward 
"ainage  of  the  wooded  northern  hills.  Into  this  valley,  slowly 
9d  out  of  the  older  volcanic  series,  the  pitchstone  and  porphyry 
9  of  the  Sctiir  flowed.  Vast,  therefore,  as  the  period  must  be 
L  is  chronicled  in  the  huge  piles  of  volcanic  beds  forming  our 
te  plateaux,  we  must  add  to  it  the  time  needed  for  the  excava- 
f  parts  of  those  plateaux  into  river- valleys,  and  the  concluding 
1  of  volcanic  activity  during  which  the  rocks  of  the  Sciiir  of 
were  poured  out. 
Lastly,  from  the  geology  of  this  interesting  island  we  learn, 

can  be  nowhere  in  Britain  more  eloquently  impressed  upon 
at,  geologically  recent  as  that  portion  of  the  Tertiary  periods 
30  during  which  the  volcanic  rocks  of  Eigg  were  produced,  it  is 
dparated  from  our  own  day  by  cm  interval  sufficient  for  the 
iral  of  mountains,  the  obliteration  of  valleys,  and  the  excavation 
w  valleys  and  glens  where  the  hills  then  stood.  The  amount 
nudation  which  has  taken  place  in  the  Western  Islands  since 
me  times  will  be  hardly  credible  to  those  who  have  not  ade- 
ly  realized  the  potency  and  activity  of  the  powers  of  geological 
I.  Subterranean  movements  may  be  called  in  to  account  for 
w  gorges,  or  deep  glens,  or  profound  sea-lochs ;  but  no  sub- 
lean  movement  will  ever  explain  the  history  of  the  Sctiir  of 

which  will  remain  as  striking  a  memorial  of  denudation  as  it 
indmark  amid  the  scenery  of  our  wild  western  shores. 

:fUS8ioN. — Prof.  Haugbton  inquired  whether  Mr.  Geikie's  attention  had  been 
to  the  Mome  Mountains  in  Ireland,  which  seemed  to  present  some  analogous 
nena  to  those  described  in  the  praper.  In  the  Mome  district  were  dykes  of 
e,  pitchstone,  and  other  Tolcanic  rocks  of  the  same  constitution  as  those  of 
I.    He  believed  that  a  chemical  examination  of  these  rocks  in  different  districts 

proTe  tbeir  common  origin.  The  evidence  in  Antrim  was  conclusive  as  to 
'ertiary  age  in  Ireland,  and  he  wss  glad  to  find  that  the  view  of  their  belonging 
fferent  age  in  Eigg  was  erroneous. 

'.  Ramsay  had  hitherto  believed  in  the  Oolitic  age  of  these  trap-rocks  in  Eigg, 
lepted  the  autbor*8  views.  The  interbedding  of  volcanic  beds  among  the  Lower 
n  beds  in  Wales  was  somewhat  analogous.  He  was  glad  to  find  the  history  of 
j^neous  rocks  treated  of  in  so  geological  a  manner,  instead  of  their  being  re- 

firom  too  purely  a  lithological  and  mineralogical  point  of  view.  The  great 
%Y  of  these  Middle  Tertiary  beds  had,  he  thought,  been  most  admirably  brought 
1  in  the  paper  as  well  as  tne  enormous  amount  of  denudation  ;  and  he  would 
lend  it  to  the  notice  of  those  who  had  not  a  due  appreciation  of  geological 

Forbes  hoped  that  the  ^ologist  would  remember  that  his  father  was  a 
logist.  It  was  as  refreshing  to  find  a  paper  of  this  kind  brought  beforr  the 
y  as  it  was  to  be  regretted  that  the  details  of  mineralogy  were  so  little  studied 
country  when  compared  with  the  Continent ;  and  tnis  he  attributed  to  the 
ird  state  of  petrology  ^admitted  by  Mr.  Geikie)  in  this  country.  He  quite 
in  the  view  of  the  Tertiary  age  of  these  rocks.  With  regard  to  the  termin- 
imploycd  by  the  author,  he  objected  to  the  use  of  the  word  **  dolerite,"  as  distinct 
isalt ;  basalt  properly  comprised,  not  only  dolerite,  the  coarse-grained  variety, 
.amezite,  the  finely-grained  variety,  and  the  true  basalt,  but  also  trachylite, 
ivas  frequently  confounded  with  pitchstone.  All  four  names  merely  referred  to 
re,  and  not  to  composition. 
Geikie,  in  reply,  stated  that  he  had  not  examined  the  Mome  MoTUitaixit^    Ha 
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htd  not  in  inj  wij  wi>h«d  to  dinuige  mineralDn,  but,  on  lh«  rontnrr,  hid  it- 
tcmplrd  to  clsnifj  ibe  i^fferent  rocki  nccordiag  to  their  petrolojfiol  chiir»elCT.  Ht 
UKd  the  iL'nn  "  dolerit«  "  in  tha  nme  lenw  at  Ihc  Gtmun  minernlDgisti,  both  u  tht 
generic  nnme  for  the  trhoU  lerin.  and  alio  for  the  coiner  miety  of  bault. 

3.  '■  Oa  the  formation  of  '  Cirques,'  and  their  bearing  upon  theo- 
ries attributing  the  excavation  of  Alpine  Valleys  mainly  to  the 
action  of  Glaciers."     By  the  Rev.  T.  Q.  Bonney,  M.A.,  F.G.S. 

The  pnper  described  a  number  of  these  remarkable  reresBCB,  whit^ 
thougli  not  restricted  to  the  limestone  districts  of  the  Alps,  are  best 
exhibited  in  them.  The  anthor  gave  reasons  why  he  could  not 
suppose  them  to  hare  been  formed  either  as  craters  of  upheaval,  or 
by  the  action  of  the  sea,  or  by  glacial  erosion.  With  regard  to  Ibe 
last  he  showed  that,  even  if  glaciers  had  been  the  principal  agents 
in  excavating  valleys,  there  were  some  cirques  which  could  not  have 
bocD  excavated  by  them ;  and  then  went  on  to  argue  from  the  fact 
that  glaciera  bad  occupied  cirques,  and  from  the  relation  between 
them  and  the  valleys,  that  they  could  not  be  attributed  to  difierent 
agents.  He  alst)  showed  that  oommoniy  the  upper  part  of  n  valley, 
where  the  erosive  action  is  perhaps  leaat,  is  very  much  the  steepest, 
and  Hi^ed  other  objections  to  the  great  exoavatory  powers  often 
attributed  to  glaciers.  He  then  described  one  or  two  cirques  in 
detail,  and  showed  that  they  were  worked  ont  by  the  joint  action  of 
manT  small  streams,  and  of  the  usual  meteoric  agents  working  upon 
strnfai  whose  configunttion  was  favourable  to  the  formation  of  cliffs. 
DiRcrioiiON.— Mr.  WhiUker  ra^gerted  an  analogy  between  the  cirqnei  and  the 
comhoa  in  I'ur  own  limealone  conntnea. 

Mr  tii'ikie  nfardtd  the  cirqnes  ai  analogoua  to  the  combes  of  Walca  and  the 
rdrriciiof  Stiitliind  Tbej  were  not,  however,  confined  to  limotone  diotriels,  bnl 
on'arTpd  -llso  in  eniiss  and  minite  roclu.  He  thought  that  the  shape  was  much  in- 
U^,fA  bv  (he  h.Jding  unf  jointing  of  the  rocka,  as  fbere  wa.  an  erident  wnnerion 
hliwn  ll'.«.'  »Md  the  ahape  of  the  wmbo.  He  could  not,  bow,;ver,  >e«  hia  waj  to 
a(«.niitfi.t  the  vertical  cliff«>uiroui.ding  the  cirqnai 

ThcH'v  T  G  Kiinnev,  in  reply.  oUerred  list  thongh  cirqnei  wer*  not  eooflned 
to  lim>■^lo^■».'the  tincrt  i'nstance.  occurred  [much  roelu.  _  When  ciiqoei  oecwied  in 
A"i"mne  rock.,  the  laluJ  waa  u«uaUy  much  larger  than  in  hoMton*. 

II_^pril  26.  1871— Prof.  Morris,  Vice-President,  in  the  Caunv 
11i.«  following  coiiimuKications  were  read:—  i^ 

1       *      a  new  srecies  of  Coral  fmm  the  Red  Crag  of  \ 
fi„ll  ■■     Iv  Prof.  P.  Martin  Duncan,  M.B.,  F.RS.,  F.G* 

n.f  iSncmi  dcscril^d,  under  the  name  of  &./««#*«  AHifl 

1  i'mwund  Corul  obtained  by  Mr.  A.  B.U  iren.  WaKfringtaaj 

LTB^.t^d     hat   it  was  particularly  i..teresting«  W«newgU|. 

o-:,^nJtTPe  of  corS  whieh  hus  ;>em«l*d  «t  l»W  tajj  *> 

?:^;  "  STthe  present  day.     The  .^J.*..^ 


Pi: 


which  siK 
_Jlr.  E* 


the  author  reg" — "■- 

;„,,  i,"«atai th»t  .ir'"^ 
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Mtmad  Dncertun.  It  ftppekred,  howeTer,  to  tie  deriT«d  from  tonw  ath«T  M>iirca.  kod 
not  to  hsTe  oH^ndlj  belonged  to  the  Bed  Cnig.  laEnrland  thegeniuwu  hitherto 
nnknawn  in  bed>  never  than  thon  of  BFooLenbairt.  The  preMDM  of  tbis  single 
■pecimen  ihowed  how  mnch  we  had  itill  to  learn  with  remrA  to  the  Crag  fcirnistion. 
It  vu  to  be  hopedthatiheoaralmighteientualljbefonnd  attached  to  Mine  organiun 
from  which  it*  age  might  be  determmed. 

Prof  T.  Rnpert  Jonea  remarked  that  he  wonid  be  glad  to  hear  of  more  conUa 
being  diuoTered  in  the  so-called  Coralline  Crag.  He  in([uired  whether  ccenencliT- 
■natoos  conliirereneceesari]yrcef'Coral9,obeerTing  that  thia  coral  waa  referred  to  Ine 
Miocene  on  account  of  ita  presumed  ceef-furmmg  character.  Ha  added  that  some  of 
the  Foramintfera  of  the 'White  Crag  had  the  aspect  of  eiiating  Western  Meditorranean 
forma,  and  thus  tnpported  some  of  Prof.  Duncan'a  remarka. 

Mr.  Gvjn  Jeffrejn  obaerted  that  the  distinction  between  the  Coralline  and  the 
Bed  Crag  seemed  to  be  eirerj  daj  diminishing.  The  appearance  of  the  foaail  seemed 
to  betoken  its  deriTative  character.  Like  other  speakera,  be  complimented  Mr. 
Alfred  Bell  on  hii  great  intelligcoce  in  the  collection  of  Crag  foaila. 

Prof.  Duncan,  in  repli,  maintained  that  the  differences  between  deep-sea  and  reef- 
building  corals  were  weU  established,  and  around  modem  reefs  in  the  deeper  aea  the 
forma  were  quito  distinct,  and  Che  deep-sea  corals  nerer  presented  the  ctenenchyma 
diatinctiie  of  the  reef-building  form.  Thia,  he  snggested,  might  be  coDnccted  with 
the  difference  in  the  amoaut  of  sea  wafer  with  which  it  waa  brought  in  contact,  which 
in  the  anrf  waa  much  greatoi  than  in  the  almost  mocionleM  depths  of  the  sea. 

2.  "  Notes  OD  the  Minerals  of  Strontian,  Argyllshire."  By  Bobert 
H.  Scott,  Esq.,  M.A.,  F.R.S,,  F.G.S. 

The  paper  stated  that  the  existiug  lists  of  minerals  to  be  foaud 
at  Strontian  were  incorrect.  The  discoTcty  of  apophyllite,  talo, 
and  zircon,  seemed  to  bo  hardly  sufficiently  ounfirmed.  On  the 
other  hand,  Mr.  Scott  named  several  species  which  he  had  himself 
observed  tit  liiu,  and  which  are  not  noticed  in  any  of  the  books,  viz. 
two  felspars,  orthoclase,  and  an  anorthio  felspar  in  the  granite. 
Two  varieties  of  pyrozenio  minerals  in  the  granites  and  syenites, 
neither  of  which  have  as  yet  been  analyzed.  Natrolite  in  the  trap* 
dykes,  muscovite  or  margarodite  in  very  large  plates,  lepidomelane 
and  schorl. 

Specimens  of  these  minerals  and  of  the  others  fonnd  at  the  mines 

ymta  exhibited ;  bat  it  was  stated  that,  owing  to  the  fact  that  the 

old  workings  at  the  mines  in  Glen  Strontian  had  been  allowed  to 

I  fiill  in,  it  was  now  no  longer  possible  to  ascertain  much  about  the 

association  of  the  epenies. 

One  is  galena,  containing  very  little  silver.  The  gangae  is  re- 
markable for  the  abaeaoe  of  fluor  nml  tho  comparative  rarity  of 
blende  axi4jK9  wpn.  Uarmotome  io  found  principally  at  a  mine 
*"    "  ""  "'  '    ■'     n  the  opaque  variety  and  in  the  clear  one 

wstftrite  occurs  at  the  mine  called  Middle 
Whitesmith  Strontiauite  is  fonnd  with  Brew- 
^tome.     Calcite  b  aiso  very  common. 

1  new  mine  had  been  opened  called 
tise,  whei-eaa  the  other  mines  lie  on 
1  gneiss.  At  this  mine  several  fine 
■Gnrred,  many  of  them  coated  with  twin 
'o  those  from  Andreasbei^,  whereas 
0  are  not  so  clearly  madod. 
kind  a  number  (nT  biubII  hexagonal 
^ting  a  very  obtuse  dihedttl  tec- 
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mination.  They  gave  the  blowpipe  reactioii  of  harmotome  ;  and  on 
analysis  by  Dr.  J.  E.  Beynolds,  proved  to  be  that  mineraL 

Descloiseaux  has  already  described  a  qoadriflEMnal  termination  to 
harmotome,  with  an  angle  of  178^  2(y. 

Mr.  Scott  submitted  that  possibly  the  crystals  which  he  exhibited 
might  bear  facies  which  had  a  close  relation  to  those  deacribed  by 
Descloiseaux. 

He  concluded  by  stating  that  Strontian  promised  as  rich  a  harvest 
to  the  miuoralogist  as  any  locality  in  these  islands. 

DiscuBttioN. — M  r.  W.  W.  Smyth  menti<mcd  the  wonderftil  colleetioii  of  minends  from 
Strontinn  which  had  heen  brought  to  the  Great  ^hibition  of  1861,  which  gave  a 
most  striking  idea  of  the  minenu  riehei  of  the  localitj.  The  oeeurreiioe  of  such  a 
series  of  different  substances  in  one  localitj  in  the  granite  iraa  almost  unpanllelHl, 
though  in  the  Andreasberg  mines,  in  day  slate,  they  were  to  some  extent  liTalled. 
The  features,  howerer,  differed  in  the  two  places,  more  iilTer  and  a  greater  number 
of  zeolites  being  present  in  the  Harti  mines. 

Mr.  D.  Forbes  observed  that  harmotome  ooonrred  also  at  the  K5nigsb«rg  silver- 
mines  in  NorwaTi  at  a  distance  from  ^^ranite.  He  thought  it  remsrkable  that  these 
crystals  of  pecufiar  form  occurred  in  the  same  spot  and  in  connexion  with  erystals  of 
the  same  substance,  but  uf  the  ordinary  form. 

Mr.  Thos.  Davies  remarked  that  ceipstine  was  also  to  be  idaoed  on  the  list  of  the 
minerals  from  Strontian.  Harmotome  with  Pyrrhotine  had  been  found  in  the  same 
form  of  double  crystals  at  Bodenmais,  in  Bavaria. 

Mr.  Scott  stated,  in  reply  to  a  Question  from  the  Chairman,  that  the  mineral  had 
not  been  as  yet  optically  examined,  but  that  if  he  eould  procure  more  of  it  ho  should 
be  happy  to  plnce  it  at  the  dispo«d  of  any  gentleman  who  would  examine  it.  As 
regarded  the  idea  that  harmotome  usuHUy  occurred  near  the  surface,  he  could  give 
no  informatiun  about  the  old  mines,  us  they  had  been  allowed  to  fhll  in ;  but  most 
certainly  the  new  specimens  from  Commteecame  from  surface  workings.  He  was 
very  glud  to  learn  from  Mr.  Davies  that  celcstine  had  been  found  st  the  locality ;  and 
he  telt  sure  that  cnreful  search  would  double  or  treble  the  number  of  species  known 
to  occur  there.  With  reference  to  what  had  fallen  from  Prof.  Smyth,  he  could  fully 
conroborntc  his  observations  as  to  the  difference  between  the  forms  of  calcite  asso- 
ciated  with  harmotome  at  Andreasberg,  in  the  iiarts,  and  at  Strontian.  It  was 
remarkable  that  the  general  facies  of  the  crystals  of  calcite  occurring  at  Corrantee, 
where  the  I'xlo  was  entirely  in  the  gneiss,  differed  from  that  usually  observed  in  the 
old  mines  in  Glen  Strontian,  which  were  partly  in  the  granite  and  partly  in  the 
gneiss. 

3.  *'0n  the  probable  origin  of  Deposits  of  'Loess*  in  North 
China  and  Eastern  Asia."  By  T.  W.  Kingsmill,  Esq.,  of  Shanghai. 
Communicated  by  Prof.  Huxley,  F.R.S.,  V.P.G.S. 

The  author  stated  that  the  Baron  von  Riohth5fen  had  lately  applied 
the  tenn  "  Loess"  to  a  light  clay  deposit  covering  immense  tracts  in 
the  north  of  China.  The  author  regarded  this  formation  as  in  great 
measure  corresponding  to  the  Kunkur  of  India,  and  thought  that  it 
probably  extended  far  into  the  elevated  plains  of  Central  Asia. 
Richthofen  considered  that  tliis  deposit  had  been  produced  by  sub- 
aerial  action  upon  a  surface  of  dry  land ;  the  author  argued  that  it 
is  of  marine  origin,  having  been  deposited  when  the  region  which  it 
covers  was  depressed  at  least  6000  feet,  a  depression  the  occuiTenoe 
of  which  since  the  commencement  of  the  Tertiary  period  ho  con- 
sidered to  bo  proved  by  the  mode  of  deposition  of  the  Upper  Nank- 
ing Sandstones  and  Conglomerates,  the  bold  escarpment  of  the  hills 
on  either  side  of  the  Yangtsze,  and  other  peculiarities  of  the  country. 

Discussion. — Prof.  Ramsay  remarked  that  the  author  had  not  proved  that  the 
loeH  he  described  was  really  stratified.    He  could  not  agree  wiUi  nis  views  of  the 
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inland  eMarpments  lie  mentioned  having  been  old  coast  lines.  It  iras  onlj  aoci- 
dentallj  that  sea  cliffs  had  any  connexion  with  the  line  of  strike  of  the  strata,  whereas 
inland  cliffs  always  followed  the  strike.  He  thought  the  phenomena  were  rather  in 
accordance  with  a  long  exposure  of  the  land  to  sub-aenal  influences  than  with  the 
the  loess  hanne  been  of  marine  origin.  Even  in  England,  in  those  parts  which  had 
long  been  firee  firom  marine  action,  beds  of  brick-earth  hod  been  formed.  He  also 
instanced  the  plains  of  Picardj  as  exhibiting  a  ?as6  extent  of  such  snb-a^'rial  beds. 

Prof.  T.  Rupert  Jones  said  that  though  the  area  treated  of  by  Mr.  Eingsmill  was 
too  large  to  have  its  geology  explained  merely  by  reference  to  rain-wash  and  valley 
deposito,  whatever  his  low-level  loess  might  be,  the  higher  accumulations  of  loamy 
deposits,  stated  to  be  1000  feet  thick  at  an  elevation  of  3000  feet,  and  regarded  by 
Mr.  Kingsmill  as  the  quiet  water  sediments  of  a  great  gulf,  with  ^e  Miocene  con- 
glomerates and  sandstones  of  Nanking  and  elsewhere  ror  its  marginal  equivalents, 
api>eared  to  require  different  explanation.  All  loess  need  not  be  of  sea  origin ;  in 
oscillations  of  limd  marine  deposits  must  be  carried  up  to  great  heights ;  and,  re- 
ferring to  Mr.  H.  M.  Jenkins  s  determination  of  the  marine  origin  of  the  loess  of 
Bdigiom,  Prof.  Jones  thought  it  highly  probable  that  some  at  least  of  that  in  China 
mar  have  been  similarly  formed. 

Mr.  Hughes  said  that  the  author  i^peared  to  have  grouped  together  all  the  super- 
ficial deposits  of  a  vast  area  without  etplaining  very  clearly  the  grounds  upon  which 
he  identified  those  deposits  at  distant  points.  He  aid  not  prove  that  what  he  called 
the  shore  deposit  was  marine,  or  that  it  was  of  the  same  age  as  the  loam  which  he 
described,  and  which  Mr.  Hughes  thought,  from  the  description,  was  far  more  likely 
to  be  sub-aerial. 

Mr.  Evans  and  Mr.  Etheridge  suggested  the  probability  that  much  of  the  so-called 
loess  might  be  derived  from  higher  toamv  beds,  possibly  derived  from  the  decomposi- 
tion of  umsstone  roda  containing  sana  and  olay,  and  redeposited  by  the  action  of 
rain. 

Edinbttboh  GiOLooiOAL  SooiETT. — ^Maioh  16, 1871.  At  the  fiftti 
ordinary  meeting  of  the  Society  for  this  Session  held  this  evening, 
the  following  communication  was  read : — *'  On  a  new  species  of 
Amblypterus,  and  other  Fossil  Fishes  from  the  shale  workings  of 
Pitcorthie,  near  Crail,  in  the  county  of  Fife."  By  Robert  Walker, 
St.  Andrew's. 

Abstract. — In  this  paper  the  author  commenced  by  giving  a  list  of 
the  Fossil  Fishes  he  had  obtained  in  a  more  or  less  perfect  condition 
from  the  Pitcorthie  beds.  These  embraced  the  following  genera,  of 
which  Eurynotus  was  the  most  abundant ;  there  were  also  numerous 
scales  and  teeth  of  BhizoduSf  pieces  of  Qyrolepis,  specimens  of  Acrodtis, 
Ctenacanthus,  Centrodns,  Heliodus,  DiploduSy  Tristychim,  PalcBoniscuSt 
Amblypterus,  and  some  other  forms  not  yet  determined,  some  of  which 
may  ultimately  prove  to  be  reptilian.  For  the  new  species  of  Ambly- 
pterm,  the  author  proposed  the  name  AnconocBchmoduSf  from  the 
peculiar  form  of  the  teeth,  which  along  with  the  external  ornamenta- 
tion of  the  scales  would  be  sufficient,  he  considered,  to  distinguish 
the  species  wherever  it  may  be  found. 

The  author  gave  a  full  description  of  the  species,  which  however, 
without  figures,  would  not  be  serviceable  to  publish  in  detail  here. 


♦ 
MEAN  THICKNESS  OF  THE  SEDIMENTARY  ROCKS. 

Sir, — In  the  Geological  Magazine,  p.  189,  Mr.  Poulett  Scrope 
has  done  me  the  honour  of  referring  to  my  paper  on  the  "Mean 
Thickness  of  the  Sedimentary  Rocks,"  and  of  pointing  out  «iQm.<^ 
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omissions  in  it  I  may  mention,  however,  that  the  main  object  of 
the  paper  was  not  so  muoh  to  determine  the  thicknees  of  the  sedi- 
mentary rocks  as  to  direct  attention  to  a  method  how  this  might  he 
done.  On  this  subject  all  hitherto  appears  to  have  been  little  else 
than  mere  conjecture.  My  object  was  to  endeavour  to  bring  the 
matter  out  of  the  regions  of  mere  opinion  into  that  of  pontiTe 
knowledge.  But  even  assuming  Mr.  Poolett  Scrope's  conolosions 
to  be  perfectly  correct,  viz.,  that  if  we  take  into  aooonnt  the  various 
sources  of  sedimentary  accumulation  at  the  bottom  of  the  ocean, 
omitted  by  me,  it  will  double  the  figures  in  my  estimate,  and  give 
5,000  feet  instead  of  2,500  feet  as  the  mean  thickness  of  the  sedi- 
mentary rooks,  still,  this  is  a  very  low  figure.  To  know  with 
tolerable  certainty  that  the  mean  thickness  of  the  aedimentaiy  rocks 
lies  somewhere  between  2,000  and  5,000  feet  is  surely  a  considerable 
advance  on  our  previous  knowledge  in  this  direction. 

But  is  it  probable  that  the  amount  of  materials  supplied  by  the 
three  agencies  referred  to  by  Mr.  Poulett  Scrope  would  equal  that 
supplied  by  sub-aerial  denudation  ? 

Take  the  first,  viz..  Marine  denudation.  Suppose  the  mean  height 
of  the  coast  line  of  tiie  globe,  now  being  cut  down  by  the  action  of 
the  sea,  to  be  25  feet,  and  the  mean  rate  at  which  the  sea  is  ad- 
vancing on  the  land  to  be  one  foot  in  a  century;  the  amount  of 
denudation  thus  efieoted  would  amount  to  only  ttW  ^^^t  of  sub- 
aerial  denudation.'  The  amount  of  material  supplied  by  marine 
denudation  would  therefore  add  only  1^  feet  to  the  thickness  of  the 
sedimentary  rocks.  But  supposing  the  rate  of  marine  denudation 
to  be  ten  times  greater  than  the  above,  still  we  would  have  an  ad- 
dition of  only  15  feet :  an  amount  so  insignificant  as  scarcely  worthy 
of  being  taken  into  account  in  our  rough  estimate. 

Second :  Coral-reefs  and  limestones  formed  in  the  sea.  From 
whence  come  the  materials  which  go  to  make  these  formations? 
Is  it  not  probable  that  the  greater  part  of  these  materials  are  carried 
down  in  solution  by  rivers  from  the  land  ?  The  sea,  no  doubt,  has 
its  calcareous  springs,  but  so  has  the  land.  But  the  land  has  more 
than  springs.  Bain  water,  doubtless,  washes  into  rivers  far  more 
calcareous  materials  than  is  supplied  by  springs.  And  as  the 
country  is  being  denuded,  new  surfaces  are  being  continually  ex- 
posed to  the  action  of  the  water.  But  not  so  in  regard  to  the  sea; 
there  springs  seem  to  be  the  only  source  of  supply. 

Third :  What  is  the  amount  of  materials  supplied  by  submarine  and 
other  volcanoes  which  deposit  their  materials  directly  into  the  ocean  ? 
No  one  is  better  qualified  to  answer  this  question  than  Mr.  Poulett 
Scrope  himself,  and  it  would  bo  desirable  if  he  would  turn  his  atten- 
tion to  this  point,  and  endeavour  to  arrive  at  some  estimate,  however 
rough,  as  to  the  absolute  amount.  Without  some  positive  knowledge 
on  this  point,  one  is  very  apt  to  be  misled  when  he  endeavours  to 
compare  the  amount  of  materials  supplied  by  this  means  with  that 
supplied  by  sub-aerial  or  by  marine  denudation.  We  have  a  strik- 
ing example  of  this  in  the  case  of  the  comparison  of  the  rate  of  sub- 

'  See  PhU.  Mag.  for  May,  1868,  p.  383. 
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aerial  with  that  of  marine  denudation.  Before  positive  estimatee 
were  made  in  regard  to  the  two  rates,  no  one  ever  imagined  that 
marine  denudation  was  so  trifling  in  oomparison  to  sub-aerial.  Is 
the  amount  of  materials  deposited  in  the  submarine  volcanoes  equal 
to  that  derived  from  marine  denudation  ?  The  sea  is  continually  at 
work,  but  volcanoes  are  only  now  and  again  in  eruption.  If  the 
materials  supplied  by  submarine  volcanoes  be  not  greater  than  that 
by  marine  denudation,  all  the  three  sources  which  we  have  been  con- 
sidering put  together,  must  fall  far  short  of  supplying  an  amount  of 
material  equal  to  that  supplied  by  sub-aerial  denudation.  There  is 
this,  however,  to  be  said  of  volcanoes,  viz.,  the  materials  which  they 
do  produce — lava  and  trap-rock — resist  denudation,  and  are  conse- 
quently better  preserved  them  rocks  formed  out  of  materials  derived 
6om  sub-aerial  and  marine  denudation.  This,  no  doubt,  is  the 
reason  why,  in  rock  sections  the  traps  bear  so  large  a  proportion  to 
the  sandstones,  shales,  and  other  softer  rocks.  Still  further,  were  it 
not  for  the  protection  afforded  by  cappings  of  trap,  the  sedimentaiy 
rooks  would  be  much  thinner  than  they  actually  are. 

Eddtbumoh.  Jakes  Cboll. 

THE  CRUST  OF  THE  EARTH. 

Snt, — With  your  permission  I  should  like  to  ask  a  question  or  two 
suggested  by  one  part  of  Mr.  Forbes's  very  instructive  paper  in  the 
April  number  of  your  Magazine. 

Is  not  the  comparison  there  drawn  between  the  crust  of  the  earth 
and  the  shell  of  an  &^^  likely  to  produce  a  somewhat  inaccurate 
impression,  which  it  is  as  well  to  avoid,  and  especially  so  when,  as 
in  the  present  instance,  the  illustration  to  some  extent  does  duty  as 
an  argument?  In  the  case  of  an  eggshell,  the  vault  consists  of  a 
single  piece,  so  that  the  form  is  largely  aided  by  the  force  of  co- 
hesion in  supporting  a  load.  The  weight  is  equally  distributed  by 
the  former,  but  transverse  fracture,  crushing  of  the  material  and 
the  shearing,  or  sliding  of  particle  on  particle,  are,  up  to  a  certain 
extent,  prevented  by  the  latter.  It  is,  however,  improbable  that  in 
the  crust  of  the  earth  no  joints  or  fissures  exist  reaching  continuously 
or  interruptedly  from  the  top  to  the  bottom.  The  igneous  rocks,  as 
we  know  them,  are  so  fractured  tliat  it  is  hard  to  find  a  mass  of 
many  yards  in  length  free  from  cracks  and  flaws.  Does  not  the 
presence  of  these  destroy  the  analogy  between  the  crust  of  the  earth 
and  an  uvhrokea  eggshell  ?  and  every  one  can  see  how  deft  a  hand 
would  be  required  to  build  up  the  fragments  of  a  hrciken  one,  so  that 
it  should  bear  even  its  own  weight.  Is  it  not  more  correct  to  liken 
the  crust  of  the  earth  to  a  heavy,  but  unloaded  arch,  whose  voussiors 
are  constantly  sliding  on  one  another,  in  consequence  of  the  ever- 
varying  strain  thrown  upon  the  different  parts,  and  the  necessity 
of  preserving  equilibrium  ?  Considerable  up-and-down  movement 
would  thus  be  allowed,  evidence  of  which  may  be  seen  in  the  enor- 
mous throws  sometimes  shown  by  faults.  Cavities,  too,  might  exist 
underneath  the  vault  without  endangering  its  stability,  their  size 
being  limited  by  the  ability  of  the  material  to  resist  crushing. 


s^j^  i  H*ttuary — Sir  J.  F.  Henchef,  Bart. 

\   ,  ••    '^xv**  lu^t  A  fnllnny  liirk  un<1cr  tbe  inference  that  the  cnfC 

..l•'^  IS  stl^ulf;^'^  tlian  the  slioll  of  an  egg  because  ir  is  pre- 

.    .  i"\  !H»!iiowlmt  fliirkf.T,  the  former  being  the  loefth  an^i  the 

,   ,:     'io  "JiH^tli  piirt  of  tlio  diameter.     This  seems  to  InT-rlve  the 

^^,      -.u'li  ilmt  llio  stn'iigth  of  a  structure  increases  with  i:*  size. 

^  ■  .•  A  .iv  .»ii  ili«»  tNnitrary,  wize  is  an  element  of  weakness.     The  mo*iel 

.^  ,  «  »\N  sirimm'i*  in  proportion  than  the  machine  or  the  building. 

sx**  :>o  »hi»  wf'i^ht  iiicn»aHOR  so  much  faster  than  the   jMT-wer  to 

^  ...^.ji  n.     Tlio  rniK^luHion  seems  unavoidable,  that  while  an  eg^- 

O*'*  ^^«n  lM»rtr  itM  own  weij^lit,  and  oven  a  large  additional  load. 

%%.  S.Mii  >;iviiif?  way,  tlio  criiHt  of  the  earth  could  not  maintain  itself 

•I  \»x».x»ii%»n  unlt'NN  its  pirroH  nmte<l  everywhere,  or  nearly  everywhere, 

..,  \iio  Ihpiid  iM^itriil  niasN,  and,  as  it  were,  partially  floated  upon  it. 

E.  W.  C,  B.A.,  B.Sc. 


OSITTJ^I^ir. 


Sim  .1.   I''.   NV.  Hkksj'iikl,  Haut. — Tliis  great  philosopher  died  on 
({lo  llih  nil.,  at  tlii«  advanced  a^*  of  79,  in  the  full  possession  of 

i!t  Imi  iiii'iittil  laciiIlirK.     Though  ho  devoted  most  of  his  time  to 

oiii'ihMiiy.    natural    pIiih>K<)phy,   chomiBtr}',    meteorology-,    jihysical 
ft;«sv,i:ipliy.  <'tr..  gcttlo^y   did   not  altogether  escape  his  attention. 

ViiiiMi^  hiri  hii^gi'Hfivo  rontrilmtionsto  this  science  may  be  mentioned 
iliii  ti'lhixviiig :  1.  ( )ii  ( MiangoR  of  (yliniate  arising  from  the  varying 
^iNOiMilmity  «»f  tlw  ('arth's  orbit  (dVo/.  Trans.,  2nd  series,  vol.  iii.. 
ivli'iird  l«>  in  ljfrirn  l*rlii('lpl('»  as  early  as  1837).  2.  On  the  eli'uct 
^,1  thi*  lii'iiM»val  nf  MiitUT  JVoni  abovo  to  below  the  Sea,  ])ruducing 
I  nil  rhiiiiiial  Hiilivcrsion  of  the  oijuiiibrium  of  pressure  and 
UMiipi*iiiiiiio :"  On  SnbKidciK^  and  Klovation ;  The  Jntluonce  of 
Siihii'iiaiirnii  Sit  am;  Tho  ivsults  of  the  Expansion  of  Ki)cks  by 
Uoil      I'hn  Kii.siitn  tiiul  MrtainorpIiiHui  of  Sedimentary  Kocks.  etc. 

lii|(oiM  wriltni  in  \SIU\,  and  ^Hiblishod  in  1K88.  at  the  close  i)f 
)i.iM'ii|/»'H  Slitih  Itriihjtiratrr  Trntthv).  In  one  of  tliose  letters  the 
lollt*^vMi^  n'ni.'irk.ihh'  p^iKsago  orcurs: — i*We  are  led  by  analog^' to 
feitppi'-'t*  ihiil  Mr  1 1  hi'  ( 'iratnr)  npt^ratos  through  a  series  of  intermediate 
^stii!ii t,  II lid  that  in  ri>iisiH|utMici*  tlio  origination  of  fresh  species. 
ssaM  i(  I' vol-  iM»ini<  undiT  our  eogniziuice,  would  be  found  to  l>e  a 
iiiitiiiid.  ill  coiitradi.stinrtion  to  a  miraoulous,  ])rocess."  3.  liemarks 
^\\\  |)i'iiii<hifion,  rto.,  in  Iiis  artirlotai  Piiysieal  Geogmphy  in  the  Ency- 
^-^ii^Hii/iii  lirittinuirti,t<'u\vi'  piil»lisheil  separately.  4.  Various  iiMi)ortaut 
rtllu»iiiniM  ti»  ^tM»h»gy  in  artieU's  latoly  publiKhed  in  Good  Worth,  etc. 
\\i  piixalo  iifo  Sir  tlnlin  was  cliameti'rized  by  a  i*aro  combination  of 
^viiiditur  ami  uualliM'tiMl  humility,  and  he  was  never  known  to  wiite 
JiM«i'iirl<'«>uNlY  in  Ihh  rfplirs  to  the  most  disciuirteous  opponents.  His 
iv«»'»>""  wnn«  iiitt'iTi'il  in  NWst minster  Abbey  on  Friday,  May  19ih, 
^giido  ihoNo  of  Sir  Isaat?  Newton.  A  more  appropriate  phtoe  could 
uot  havo  bffii  Bele<^ti'd ;  for,  though  the  fame  of  Herschel  will  not 
livrtl  that,  tif  Newton,  ho  was  tui  industrious,  skilful,  and  devoted  a 
^HUin'r  in  the  same  field,  and  contributed  to  extend  the  boundaries 
»ico  which  was  alike  dear  to  both. 


(l^cJ     Ma-U    i871 


rrttf  M'Wc.ixlwaj-ilr-  psLper  an.  Ihe  Stnicture  cf  the  Tniobita., 
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L — On  ths  Stbuotube  of  Tbilobites. 

By  Henry  Woodward,  F.G.8.,  F.Z.S., 

of  the  British  Miueom. 

(PLATE  Vni.) 

rILOBITES  appear  to  have  been  among  the  very  earliest 
recognized  fossils,  not  only  in  this  oountrj,  but  on  the  Con- 
tinent, their  name  having  been  given  them  by  Walch,  in  his  '*  Natural 
History  of  Petrifactions/'  published  at  Nuremberg  a  hundred  years 
ago. 

Looking  at  the  long  list  of  distinguished  naturalists,  who,  since 
that  date,  have  devoted  more  or  less  attention  to  these  early  repre- 
sentatives of  the  Articulata,  it  may  at  first  sight  appear  surprising 
that  we  should  have  any  doubt  to-day  as  to  their  exact  position  in 
the  Crustacecm  class,  but  such  is  nevertheless  the  fact. 

To  M.  J.  y.  Audouin  belongs  the  honour  of  having  been  the  first 
to  suggest  a  definite  place  for  the  Trilobita.  In  his  "Recherches  sur 
les  rapports  entre  les  Trilobites  et  les  animaux  €uiicules"  (Paris, 
1821),  he  compares  them  with  the  Isopoda,  but  believes  they  were 
destitute  of  feet,  yet  furnished  with  appendages  for  breathing 
organs. 

Wahlenberg,  Brongniart,  Schlotheim,  Dalman,  De  Eay,  Pander, 
Green,  and  many  others  have  contributed  to  a  systematic  knowledge 
of  the  Trilobita,  but  to  Quenstedt,  Burmeister,  and  Emmerich  we 
are  especially  indebted  for  the  most  important  views  in  regard  to  the 
structure  and  organization  of  this  group. 

In  Dr.  Burmeister^s  work  ^  (edited  from  the  G^erman  by  Professors 
Thomas  Bell  and  Edward  Forbes,  and  published  by  the  Bay  Society, 
1846),  the  author  concludes  that  "  there  is  good  proof  that  the  feet 
of  the  Trilobites  must  have  been  soft  membranous  organs,  for  the 
absence  of  the  slightest  remains  of  these  in  the  numerous  specimens 
observed,  is  of  itself  sufficient  evidence  of  the  fact,  and  it  can  indeed 
scarcely  be  supposed  that  hard  horny  extremities  should  be  affixed 
to  a  soft  membranous  abdominal  surface;  since  they  would  not 

1  Published  in  Berlin  in  1843. 
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h.-tx  o  )s^ss('nS(\)  thAt  tinn  Ivisis.  which  all  solid  OTgans  of  looomo- 
ii.M)  •.>\;ii:iv.  Ill  onlor  th.1t  thoy  may  be  properly  aTailabl&  Hut 
\\\\>  :\\\u^\\\\\\t\\  s\\T\M\^  M $1^  must  have  been  of  a membranoTU  nature. 
».vmk  Invito  v'lcvir.  MUiv  it  haa  in  no  instance  been  preserved  in i 
i>»»t*.  >!.iU\  >kV.iU!  tho  )\ani.  homy,  perhaps  calcareoiUy  donal  snz&oe 

Pu't*  r«u:*.-.'.o'.s;rr  n^tVi^  thorn  therefore  to  the  Entomoatraca,  from 
tV.o  \.'.-.iv..».\^-.;s  ^lu^t  *^^t:nito^  number  of  the  segments  of  the  body, 
M\A  '.N  .^.^*.^^^«s:  ;o  vIa^v  thorn  among  the  PhyUopoda.  Prof.  M'Leay 
i;i\^>  .v.i-*.-.*.  .t  V.:a;V.(*\  ^vy&itiou.  intermediate  between  the  Isopodsand 
V/.\ '/.,'*.\s*x  V.o  tV.'.vAs  '*  thov  pn>lvibly  adhere  in  masses,  as  chitoni 
»l.>  r.^l  iN  ;^.v'  v.^'u'h  i»  liko  that  of  Aptu,  they  were  probably 
,\ » I : . ; \ . ' :\ •  •, '. s  ;i s  : ii  :\\ A '.  jiv w u*, "     ^Sil urian  System. ) 

A  '.<  V. ,'*-.<  V.  M  I V) :  :^:: .: o.  in  h is  magni ficent  work  on  the  Trilobites 
^'(  ',V..'  >■.:.-.*. '.,-i:\  S\:ittv*.u  x't*  Uv^homia.  has  illnstrated  the  development 
o(  >.".'.'..*  '.:.::.\  >i\v:o2k  V.o  h.is  not  observed  appendages  in  any  of  the 
l\«v^  Msv'..'>  v./  V..;s  s/  svur.xhaly  |x>urtrayed.* 

M\l  M '.'■.».;*  K.lw.itv.v  IV.vi,  and  most  otlier  Carcinologists  have 
.ix\s'.".,\l   r*A'C*    r»i',:v.*,i:s:or*>  viow«  as  to  the  Phyllopodous  affinities 

V'.*.;"  ivx '..xx v.-.i^  tho  .^ly^^rvAtivMw  of  the  various  writers  who  had 
iM\sv/..si  V.'.v.',  Mv  :\i':or  ol>e«n^rvo*  ^in  his  Monograph  of  British 
Vi •.'.,''".  v^>  i\i^:  \  IS-'^I.  'A  *»V  TaI.  Soi\\  "We  are  compelled  to  con- 
v*'.v.,u'  \\\.v.  \\:\y\^\*c>  \\.%.\  \\^',  ov^n  mombranaceons  feet,  and  that  the 
\.-. I ■;•.;'.  N-,:'.  :.uv  \\;s  .l.s: ■.:■.::«'  v^t' Apiviulagv*.  It  is  of  course  difficult 
!  V »  y  I  \ '  N . ■  T;  :  V  .; V. . •  i *.  V.'  .\> :  a'.  '.  r.  .-i : ::r*'.i sis  aro  disposed  to  allow  them 
vi:  ^'.iU  .;.i:wV.,\'.  t.^  f.;*  v.':.'.or  Ki'.o."  -I  do  not  see."  adds  Mr. 
S>':.'.  \\\\\  :*::>'  Tv/./V'/os  h;U  Ar.y  mvii  of  appendages  further 
\\\.v.\  \>  ■'..»;  v.'.'.^V.:  Iv  v.AvssArv  as  bnMxhing  organs."  "There  is 
sv^v.'.v-  ■.\..;n,»-.  ^•  K/.;\;*  ',:\\\  *:*xo  irs  pTvxUvoss^^r.  the  Annelide,  the 
h.iV:'.  x'l  :1.K*  r*. •/..'•  '.:;•  \v,is  :,^  j^vrp*  irsk^lf  with  the  carbonaceous  mud, 
jiu.l  i-\:i.u-:  rivv.'.  '.:  tV.o  v/.tr.v.xo  ivnivvts,"  "The  only  hard  portion 
ot'  ;V.k'  '.■.'.»..:.'■.  s'.x'.o  is  ::.;'  v.v.v.'.."'VHb!o  ;unv*r  lip  or  la  brum  ;  and  this 
u\;i\    *\;\\.^    lv>*»:   y  c   v.-.s:rv.v.*.o:'.:    by  which  the  food  was  scraped 

\\\  i\  V '.•.•.! '.li  r/  :*:•.,"."  :•/.  wir •»*•.:*  rs^^vrs  vrV.ioh  I  have  published,'  I 
h:»vo  >:.»^\i  \:.v,  .\>  ■••..'  rrws  of  ,v'.Tov.r.a»  v'^r  limbs  had  vet  been 
d«'t«vto^r  \:  s^vv/.iV.  ».vr:.iiv.  :).%'.  z\w  o:V.or  nnvr.ilaires  of  the  animal 
wcw  wlu^'lx   v\»!v.wn^sI  k^:*  *.  :"\  .■u^^'.  do!ioa:o  i:>*uo.  too  soft  to  have 

Tl-.i'  !■.'.>:  ;;'.:v..v.v.k\  V..;  v:  '.r..:vat:vo  o:*a:'.y  oV.Ar.p?  in  theso  opinions 
wj»s  u^4.'..'  lv?>.v  :hs^  iixvI.^civAl  S.vu:v  of  l.onicn  on  M.^v  11th. 
IS7^\  b\  b..  l^il.iv.jTs.  Ks.;..  F.G.S..  l\r.AvnTolog:s:  to  the  Gi?ological 
Su  r V 0 \  v» f  i  \i! *.  .-I /.  A,  M .» V. :  :\\*! . 

Tho  iiv.llvr  vU-s^'rilwl  Asiwiiuou  of -l<.:rv\<  ri'.ir-.'.vpn-.ifw  in  which 


cju^ii  11*.  A  >*.v\".i>  .':"  J"  '  ^     -xs*. 
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the  hypostome  was  not  only  preserved  tn  situ  (as  is  usually  the  case 
in  the  Trilobita),  but  also  the  remains  (more  or  less  well  preserved) 
of  eight  pairs  of  legs  corresponding  with  the  eight  segments  of  the 
thorax,  to  the  under  side  of  which  they  had  been  attached.  The 
i^pendages  take  their  rise  dose  to  the  central  axis  of  each  segment, 
and  all  curve  forwards,  and  are  thus  most  probably  ambnlatory 
rather  than  natatory  feet  They  appear  to  have  had  four  or  five 
articulations  in  each  leg.  Three  small  ovate  tubercles  on  the  pygi- 
dium  may,  perhaps,  indicate  the  processes  by  which  the  respiratory 
feet  were  attached*^  The  figure  of  Mr.  Billings's  Asapkua  has  been 
reproduced  in  the  accompanyii^  Plate  YIII.,  Fig.  1.,  from  the 
Quart  Joum.  Ged.  Soc.,  vol.  xxvi,  pi.  xxxi.,  fig.  1. 

In  offering  an  explanation  as  to  the  large  number  of  Trilobites 
which  have  been  examined  unsuccessfully,  Mr.  Billings  suggested 
that  only  the  most  perfectly  preserved  specimens  are  likely  to 
exhibit  Uie  organs  on  the  under  side  of  the  body ;  just,  in  fact,  those 
specimens  which  a  collector  would  be  least  willing  to  cut  into  slices 
in  search  of  appendages.  Hence,  probably,  the  want  <^  success 
which  has  attended  previous  researches. 

Whilst  the  Canadian  Trilobite  was  in  England  I  had  the  advantage 
of  studying  the  original  specimen,  and  fully  concurred  in  the  views 
put  forward  by  Mr.  Billings ;  indeed  I  felt  unable  to  offer  any  more 
satisfactory  explanation  than  that  proposed  by  him ;  whilst  ike  dis- 
covery of  similar  appendages  in  another  Asaphw  from  the  Trenton 
Limestone,  in  the  British  Museum,  tended  greatly  to  confirm  them. 

In  a  note  upon  this  specimen  communicated  to  the  G^logical 
Society,  and  published  at  the  same  time,  I  ventured  to  suggest  that 
the  evidence  put  forward  by  Mr.  Billings  tended  to  place  the 
Trilobita  near  to,  if  not  in,  the  Isopoda  Normalia :  and  that  we 
might  fairly  expect  to  find  that  the  Trilobita  represented  a  more 
generalized  type  of  structure  than  the  modem  Isopods.' 

Since  the  interesting  specimen,  described  by  Mr.  Billings,  has 
been  returned  to  America,  it  has  undergone  a  further  examination 
by  Prof.  Dana  and  others,  an  account  of  which  appears  simulta- 
neously in  the  Annals  and  Magazine  of  Natural  History  for  May, 
p.  366,  and  in  Silliman's  American  Journal  for  May,  p.  320,  a  copy 
of  which  is  subjoined. 

"  Besides,"  writes  Prof.  Dana,  "  giving  the  specimen  an  examina- 
tion myself,  I  have  submitted  it  also  to  Mr.  A.  E.  Verrill,  Professor 
of  Zoology  in  Yale  College,  who  is  well  versed  in  the  invertebrates, 
and  to  Mr.  S.  J.  Smith,  assistant  in  the  same  department,  and  ex- 
cellent in  crustaceology  and  entomology.  We  have  separately  and 
together  considered  the  character  of  the  specimen ;  and  while  we 
have  reached  the  same  conclusion,  we  are  to  be  regarded  as  inde- 

*  See  Gbolooical  Magazine,  1870,  Vol.  VII.,  p.  291. 

'  Dr.  Bigsby's  specimen  in  the  British  Museum  not  only  shows  the  remains  of  three 
pairs  of  appendages  united  along  the  medLin  line  by  a  longitudinal  ridc^e,  but  also 
what  I  have  good  reason  to  b«?lieve  to  be  the  remains  of  one  of  the  palpi  which  has 
left  its  impression  upon  the  side  of  the  hypostome  (see  Quart.  Joom.  Ueol.  See.  xxvi. 
1870,  p.  487,  woodcut,  fig.  Ij. 
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•viiJiiit  judges.  Our  opinion  has  been  Bubmittod  to  Mr.  Billings, 
iiul  by  his  request  it  is  here  published.  The  conclasion  to  which 
wvi  liHVo  come  is  that  the  organs  are  not  legs,  but  the  Bemicalcified 
aix^hoH  in  the  membrane  of  the  ventral  surface  to  which  the  foliaceoQi 
u})]>eiidagc8  or  legs  were  attached.  Just  such  arches  exist  in  the 
vcntrul  surface  of  the  abdomen  of  the  Maerura,  and  to  them  the 
abdominal  appendages  are  articulated.  (See  Plate  Vlll.,  Fig.  2). 
This  conclusion  is  sustained  by  the  observation  that  in  one  part  of 
the  venter  throe  consecutive  parallel  arches  are  distinctly  connected 
by  the  intervening  outer  membrane  of  the  venter,  showing  that  tiie 
arches  were  plainly  in  the  membrane  as  only  a  calcified  portion  of  it, 
niid  were  not  members  moving  free  above  it  This  being  the  iacti 
it  seems  to  set  at  rest  the  question  as  to  legs.  We  would  add.  how- 
ever, that  there  is  good  reason  for  believing  the  supposed  legs  to 
have  been  such  arches  in  their  continuing  of  nearly  uniform  width 
almost  or  quite  to  the  lateral  margin  of  the  animal,  and  in  the  addi- 
tional fact  that,  although  curving  forward  in  their  course  towards 
the  margin,  the  successive  arches  are  about  equi-distant  or  parallel, 
a  regularity  of  position  not  to  be  looked  for  in  free-moving  legs. 
llie  curve  in  these  arches,  although  it  implies  a  forward  ventral 
extension  on  either  side  of  the  leg-bearing  segments  of  the  body, 
docs  not  a])peiir  to  afford  any  good  reason  for  doubting  the  above 
conclusion.  It  is  probable  that  the  two  prominences  on  each  arch 
nearest  the  median  line  of  the  body  which  are  rather  marked,  were 
points  of  muscular  attachment  for  the  foliaoeous  appendages  it  sup- 
ported. AVitli  the  exception  of  these  arches,  the  under  surface  of 
the  venter  must  have  been  delicately  membranous,  like  that  of  the 
abdomen  of  a  lobster  or  other  macruran.  Unless  the  under  surface 
were  in  the  main  fleshy,  Trilobites  could  not  have  rolled  into  a  ball." 

In  order  more  clearly  to  explain  to  our  readers  the  nature  of  the 
conclusion  arrived  at  by  Professors  Dana^  Verrill,  and  Smith,  I 
have  re-drawn  Mr.  Billings's  Asaphus  on  Plate  VIII.,  Fig.  1,  and 
have  placed  beside  it  a  ventral  aspect  of  the  abdominal  segments  of 
the  "Norway  lobster'*  (Nephrops  Norregicus,  Leach). 

Let  us  now  proceed  to  compare  Figs.  1  and  2.  Each  of  the  semi- 
calcified  arches  of  the  sternum  «,  (Figs.  2  and  2a)  is,  it  will  be 
observed,  firmly  united  to  the  margins  (epimera)  of  the  tergum  {() 
of  the  corresponding  segment  forming  one  somite  or  body-ring 
(Fig.  2a).  Eeforring  to  Fig.  1,  does  it  not  seem  improbable  that  if 
these  so-called  legs  are  homologous  with  the  sternal  arches  in  Fig. 
2,  that  they  should  retain  their  normal  position  near  the  median  line, 
where,  if  they  be  sternal  arches,  they  must  have  been  wholly  ««- 
attachedy  and  be  at  the  same  time  widely  removed  from  the  lateral 
border  of  the  particular  segment  to  which  each  must  have  been 
anchylosed  ? 

Taking  this  fact  alone,  we  are  convinced  that  these  appendages 
were  attached  along  either  side  of  a  median  line,  and  that  the  lateral 
extremities  were  free. 

statement  that  '^  three  consecutive  parallel  arches  are  dis- 
.oonnected  by  the  intervening  outer  membrane  of  the  venter, 
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showing  that  the  arches  were  plainly  in  the  membrane  as  only  a 
calcified  portion  of  it,"  is  surely  an  error  arising  from  the  supposi- 
tion that  the  matrix  represented  a  part  of  the  organism.  As  no 
memhrane  whatever  is  preserved,  it  can  hardly  be  cited  to  prove  the 
so-called  legs  to  be  semicalcified  sternal  arches  imbedded  in  it. 

Prof.  Dana  suggests  that  the  supposed  joints  were  points  of 
muscular  attachment  for  the  foliacoous  appendage  it  supported.  The 
legs  of  the  orustaoea  are  usually  bifid  (giving  rise  to  an  endopodite 
and  an  exopodite,  see  Plate  YIII.,  Fig.  2a),  but  they  take  their  rise 
from  a  common  base,  not  in  a  double  series  on  each  side. 

Assuming  the  appendages  to  have  been  soft  foliaceous  gill-feet, 
then  the  presence  of  strong  sternal  arches  would  have  been  needless ; 
on  the  other  hand,  if  we  accept  Burmeister's  decision,  that  such 
hardened  sternal  arches  must  accompany  homy  or  calcareous  feet, 
then  it  follows  as  a  matter  of  course  that — accepting  Prof.  Dana's 
interpretation — Asaphus  must  have  had  such  hard  appendages,  which 
the  very  presence  of  semicalcified  arches  in  the  ventral  integument 
proves  to  have  existed. 

In  the  mean  time,  however,  seeing  that  these  appendages  really 
look  more  like  feet  (as  at  first  suggested  by  Mr.  Billings)  than  like 
semicalcified  sternal  arches  (as  now  suggested  by  Prof.  IDana),  would 
it  not  be  more  philosophical  to  consider  them  to  be  feet,  and  seek  to 
discover  whether  a  semicalcified  sternal  arch  underlies  them? 

Eventually  it  may  be  proved  that  a  very  thin  and  almost  mem- 
branous sternum  may  have  sufficed  to  give  support  even  to  chitinous 
or  calcareous  limbs,  provided  they  were  assisted  by  apodemata 
developed  from  the  under  side  of  the  tergal  arches,  as  in  Limulus, 

To  this  suggestion  the  fact  of  the  strongly  trilobed  form  of  the 
tergal  plates  in  many  genera  of  Trilobites,  and  the  development  of 
spines  and  tubercles  upon  the  segments,  which  doubtless  served  as 
points  for  muscular  attachment  within,  lends  considerable  probability. 

Prof.  Dana  observes,  "  unless  the  under  surface  were  in  the  main 
fieshy,  Trilobites  could  not  have  rolled  into  a  ball."  To  this  I  en- 
tirely assent,  but  I  do  not  see  that  the  presence  of  slender  ambulatory 
legs  would  have  prevented  this  operation  from  taking  place ;  but  it 
should  be  borne  in  mind  that  many  genera  of  Trilobites  never  rolled 
up,  so  that  amongst  them,  as  in  the  modem  Isopoda,  the  habit  was 
the  exception,  not  the  rule. 

As  to  the  regularity  of  the  position  of  the  limbs,  this  is  not  ex- 
traordinary among  Fossil  Crustacea,  when  preserved  in  a  suitable 
matrix,  those,  for  example,  which  occur  in  the  Lithographic  stone  of 
Solenhofen,  frequently  presenting  a  most  wonderful  and  perfect  state 
both  of  preservation  and  arrangement  of  limbs,  antennae,  etc. 

Looking  at  the  Crustacean  class  as  a  whole,  it  seems  to  bo  a 
constant  rule  that  the  test  and  the  appendages  have  a  direct 
relation  to  each  other  (save  in  Parasitic  forms — in  the  Cirripedia, 
and  among  the  Anomoura). .  Thus,  if  the  general  covering  of  the 
body  be  hard  and  calcareous,  the  limbs  are  covered  in  a  similar 
envelope.  If  the  crust  be  chitinous,  the  limbs  are  also  chitinous  or 
soft  and  membranous.    Seeing,  then,  that  the  TrWo\i\fea. — ^tci»xi^  ^1 
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them  at  least— have  a  shelly  coyeiing  of  oonsiderable  thickness,  it 
is  uot  unreasonable  to  assume  that  their  looomotoiy  appendages  wera 
calcareous,  or  at  least  chitinous  and  of  sufficient  strength  to  enable 
them  to  crawl  upon  or  burrow  in  the  mud  at  the  bottom  of  the 
Palicozoio  seas  in  which  they  dwelt. 

Witli  regard  to  the  buccal  apparatus,  we  know  that  Hie  hypoetome 
or  lip-plate  is  commonly  present  in  most  genera  of  Trilobites.  Hiis 
plate  agrees  most  closely  with  the  hypostome  in  Apw  (see  Okol.  Mao., 
Vol.  U.  PL  XL  p.  401),  a  similar  plate  exists  also  in  most  of  the 
Isopods.  That  its  presence  indicates  the  possession  of  maxilles,  I 
have  no  more  doubt  than  I  should  feel  in  asserting  the  presence  of 
jaws  within  the  lips  of  a  mammaL  Looking  at  the  group  as  a  whole, 
it  would  also,  we  think,  be  a  safe  prediction  that  their  branchis 
wei*o  abdominaL  the  great  caudal  shield  offering  a  strong  analogy  to 
the  tail-plate  which,  in  the  modem  Isopods,  covers  those  organs. 

In  the  foregoing  remarks  my  object  has  been  mainly  to  show  the 
reasons  why  it  is  desirable  to  adhere  to  the  original  interpretation  of 
the  appendages  in  the  Trenton  AsopAtM,  as  proposed  by  Mr.  Billings, 
rather  than  to  adopt  the  conclusions  of  Prof  Dana,  whose  opinion, 
however,  upon  living  Crustacea  I  hold  in  the  highest  estimation. 

Tlie  patient  examination  and  slicing  of  more  spedmens  appears 
in  the  mean  time  to  be  the  most  hopeful  method  to  adopt  in  order 
conclusively  to  settle  the  question  of  the  structure  and  appendages 
of  the  Trilobites. 

EXPLANATION    OF    PLATE   VIIL 

Fijr.  1.  Asaphus  platycephalus^  Stokes. — Underside,  showine  the  legs.  (Copied 
from  tijrurc  in  (iuart.  Journ.  Gcol.  Soc.,  1870,  toI.  ixvi.  pi.  zxxi., Ig.  1.)  0.  Cephalon, 
to  which  is  uuitcd  the  hTpostomc  or  lip-plate  (A),  followed  by  eight  free  tnoracic 
i^c^iuonU,  indicated  in  outline,  bearing  eight  pairs  of  appendages  on  their  anderside. 
'VixKiSG  agniii  are  fbllowod  by  the  pygidium  or  tail  {P)  composed  of  the  abdominal 
:>onutes  wtlded  together,  and  probably  bearing  the  branchise  upon  the  anderside,  to 
which  the  points  {hr)  seen  in  the  figure,  may  perhaps  relate. 

Fi^r.  la.  Ideal  section  of  one  of  the  thoracic  segments,  ^stergum.  «=8tenam,  two 
lo<:s  (I  (I,  are  seen  beneath,  articulated  to  the  sternum  near  the  median  line,  and  haTing 
their  muscular  attachments  m  m,  (and  apodemata  ?)  on  the  underside  of  the  tergum  (0* 

Fi^.  1.  Underside  of  abdomen  in  Norway  lobtster.  Nephropi  Nbrvefficw,  Leach. 
s  s,  steniiil  arches;  m  m,  membranons  interspaces,  al.  1st,  thoracic  somite,  with 
its  moditicd  pair  of  appendages  still  attached  to  sternal  arch,  b  3,  points  of  attachment 
for  abdominal  appendages  which  have  been  removed,  however,  to  extiibit  the  cal- 
citied  arches  of  the  sternum  more  clearly;  ep=epimera ;  th=  thorax. 

Fig.  2ti.  One  of  the  abdominal  somites  detached.  ^=  tergum;  «=stemum; 
ep-epimera;  ex  =  cxopodite ;  en=endopodite. 


II. — Observations    on    thb  Gjcnebal  Belatiovs  op  the   Drift 
Deposits  of  Ireland  to  those  op  Gbeat  Britain. 

By  Edwaed  Hull,  M.A.,  F.R.8.,  F.O.S., 
Director  of  the  Geological  Survey  of  Ireland. 

THE   valuable  paper  by  Professor  Harkness  on   "The  Middle 
Pleistocene    Deposits  of  Britain,"  published  in  the  pages  of 
this  periodical/  was  a  completely  successful  attempt  to  synchronize 

k  1  Geol.  Hao.,  Vol  VI.,  p.  542. 
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the  members  of  the  Drift  series  of  Ireland  with  those  of  England 
and  Scotland.  He  shows  that  there  exist  in  the  East  of  Ireland  de- 
tached portions  of  an  Upper  Boulder-clay  resting  on  the  shelly  sands 
and  gravels  of  the  ''  Middle  Drift,"  and  that  in  other  localities  these 
sands  and  gravels  may  be  observed  resting  on  the  Lower  Bonlder- 
clay,  which  is  generally  supported  by  rock  with  a  glaciated  surface. 
The  order  of  succession  of  &e  members  of  the  Drift  series  is,  there- 
fore, precisely  similar  to  that  of  the  North-western  counties  of  Eng- 
land, where  we  have  at  the  base  (a)  Lower  Till  or  Boulder-clay ; 
(6)  Marine  Sands  and  Gravels;  (c)  Upper  Till  or  Boulder-day;^ 
— an  order  of  succession  which  I  have  for  some  years  felt  satisfied 
would  be  found  ultimately  to  hold  good  over  the  whole  of  England. 

In  1867  I  showed  how  Mr.  Searles  V.  Wood's  classification  of  the 
Drift  deposits  in  the  Eastern  counties  exactly  corresponded  with  that 
of  the  North-western  coimties,  and  I  expressed  my  belief  that  more 
extended  investigations  would  show  that  the  threefold  division  of 
the  Drift  series  would  be  found  to  be  a  real  and  widely  extended 
sequence  of  deposits  of  the  Glacial  Epoch.'  How  far  this  impression 
has  been  verified  by  subsequent  observations,  it  is  unnecessary  to 
point  out. 

I  was  scarcely,  however,  prepared  at  that  time  to  entertain  these 
views  to  the  extent  of  includmg  Ireland,  but  during  the  last  two 
years,  having  had  frequent  opportunities  of  observing  the  succession 
of  the  Drift  deposits  in  various  parts  of  the  country  (with  the 
exception  of  the  South),  I  had  arrived  at  the  very  same  conclusions 
with  Professor  Harkness,  at  the  time  he  published  his  paper.  I  have 
therefore  great  pleasure  in  adding  my  testimony  in  confirmation  of 
his' views,  and  my  purpose  in  this  paper  is  to  adduce  some  further 
evidence  afforded  by  a  series  of  sections  which  may  be  observed 
along  the  coast,  and  the  cuttings  of  the  railway  between  Eilliney 
and  Bray,  South  of  Dublin;  and  to  add  some  observations  on  the 
general  relations  of  the  Post-Pliocene  deposits  of  the  British  Isles. 
I  may  here  observe  that,  as  far  as  my  observations  have  yet  gone,  the 
sections  along  various  parts  of  the  Eastern  coast  of  Ireland  are  veiy 
instructive;  and,  when  the  key  to  the  threefold  classification  has  once 
been  obtained,  are  all  consistent  with  each  other. 

Along  the  shores  of  Antrim  and  Down,  we  often  find  the  Lower 
Boulder-clay  resting  on  glaciated  rock -surfaces,  and  capped  by  the 
sand  and  gravels  of  the  middle  division.  Here  also  we  have  the 
raised  beach  (the  representative  of  the  25  feet  beach  of  the  coast  of 
Scotland),  rising  about  12  feet  above  the  high- water  line.  In  the 
neighbourhood  of  Howth  the  three  divisions  can  be  clearly  made 
out,  as  stated  by  Professor  Harkness ;  and  the  middle  gravels  are 
abundantly  charged  with  marine  shells,  as  determined  in  1837  by 

^  The  Upper  Boulder-clay,  of  which  I  first  showed  the  importance  in  1864  in  the 
district  around  Manchester,  has  since  been  traced  and  identified  by  Mr.  de  Ranee, 
Hisf  Eyton,  Mr.  Mackintosh,  and  Mr.  Taylor,  over  the  district  extending  from  the 
Lakes  to  the  yalley  of  the  Severn ;  and  by  Mr.  A.  H.  Green  and  the  author  over 
Cheshire. 

'  **  On  the  Parallelism  of  the  Drift  Deposits  in  Lancashire  and  the  Eastern 
Counties,"  Gsol.  Mao.,  Vol.  lY.,  p.  183. 
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Dr.  Sconler,*  and  subsequently  by  Dr.  Oldham. 
At  Eingstovm,  the  Upper  Boulder-clay  may 
be  observed  to  rest  on  the  middle  gravel ;  and 
at  various  points  between  Kingstown  and 
Dalkey,  the  Upper  (or  Lower)  Boulder-clay  is 
found  to  rest  on  a  surface  of  granite  remark- 
ably moutonn^ed  and  striated.  The  general 
direction  of  the  ice-flow  being  from  the  N.W. 
or  N.N.W.,  a  direction  pointing  to  the  central 
plain  of  Ireland.' 

Proceeding  further  South,  and  rounding  the 
granite  and  schistose  diffo  of  Eilliney  Hill 
and  Mount  Malpas,  the  shore  sweeps  inland, 
with  a  gentle  curve  terminated  to  the  South 
by  the  bold  cliffs  of  Bray  Head.    It  is  along 
tliis  shore  that  the  cliffs  of  Drift  are  exposed 
to  view,  whioh  are  represented  in  the  accom- 
panying illustrations  (Fig.  1).     The   whole 
section  forms  a  basin  or  trough,  the  beds 
rising  both  to  the  North  and  South.     At  the 
extreme  Southern  end  of  the  section,  we  And 
the  three  divisions  of  the  Drift  in  the  same  part 
of  the  cliffy  which  is  about  35  feet  high,  the 
Lower  Boulder-clay  only  just  showing  itself  at 
the  base.   The  middle  sand  and  gravel  (Fig.  2) 
is  obliquely  laminated, very  coarse,  and  contains 
fragments  of  shells.     The  Upper  Boulder-clay 
(Fig.  3)  is  composed  of  stiff  reddish  clay,  with 
large  boulders  of  granite,  Silurian  grit,  etc., 
and  glaciated  stones.     It  descends  from  the 
top  of  the  cliff  to  the  base,  with  a  gradual  slope, 
cutting  out  beds  of  gravel  in  the  middle  divi- 
sion, as  shown  in  Fig.  2.     lliis  circumstance  is 
exactly  similar  to  one  which  I  noticed  in  Lanca- 
shire, where  I  often  found  the  Upper  Boulder- 
clay  resting  upon  a  greatly  eroded  surface  of 
the  middle  sands,   and    of    which    illustra- 
tions will  be  found  in  my  paper  on  the  Drift  de- 
posits near  Manchester.^ 

Hetuming  to  our  section,  we  find  the  Upper 
Boulder-clay  forming  the  cliff  for  some  dis- 
tance; but  on  approaching  the  outfall  of  Lough- 
linstown  Brook,  it  gradually  descends  under  a 

1  Joum.  Geol.  Soc.  Dublin,  toL  i.,  p.  270. 

'  Some  of  these  cases  of  itritp  were  ori^naUT  noted 
by  the  late  Mr.  Du  Noyer.  See  Explanation  of  sheets 
102  and  112  of  the  Geological  Surrey  of  Ireland.  It 
is  remarkable  that  the  strias  along  the  coast  near  Dublin 
point  in  a  direction,  and  hare  been  produced  by  ice  coming 
from  a  region  for  the  most  jpart  devoid  of  eleyation. 

'  Mem.  Lit.  and  Phil.  Soc.  Manchester,  yoI.  ii.,  third 
series,  p.  463. 
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little  terrace  of  very  coarse  gravel,  which  appears  to  be  either  a 
river-terrace  or  the  remains  of  a  raised  sea-beach.  This  terrace 
rises  eight  feet  above  high- water  mark. 

Fio.  2.— Section  at  A,  in  Figr- 1.  Fio.  8.— Section  »t  B,  in  Fig.  1. 

T 


Ontcrop  of  the  Upper  and  Lower  Boulder- 
and  Qrarel  (2)  between. 


rpi 


Claj  (1  and  3),  with  the  Middle  Sand 


Upper  Boulder-Clav  (8)  retting  on  Middle 
Sand  and  GraTel  (2). 


To  the  North  of  the  Martello  Tower,  the  Upper  Boulder-clay 
again  appears,  now  rising  Northwards  in  the  direction  of  the  high 
ground  of  Killiney  Hill ;  and  from  beneath  this  the  sand  and  gravel 
(Fig.  3),  which  in  its  turn  is  succeeded  by  the  Lower  Boulder-clay 
(Figs.  4  and  5),  resting  upon  granite,  under  Mount  Malpas. 


YiQ.  4.— Section  at  C,  in  Fig  1. 

2 
1 


Fio.  a.— Sketch  near  C 


2.  Middle  rand,  etc.,  renting  on  Lower  Boulder- 


1.  Lower  Bonlder-dav  resting  on 
clay  (1),  with  a  basis  of  Granite  (G).  Granite  (O)  shore  of  Killiney  Bay. 

Here,  then,  on  both  sides  of  a  synclinal,  we  have  the  three  divi- 
sions of  the  Drift  series  very  clearly  developed,  but  requiring  the  aid 
of  some  previous  knowledge  of  other  districts,  in  order  to  the  eluci- 
dation of  their  relations  to  one  another. 

It  is  altogether  unnecessary  that  I  should  refer  to  the  order  of 
succession  of  the  Drift  deposits  further  South,  as,  for  instance,  in  Co. 
Wexford,  after  the  able  observations  of  previous  authors,  amongst 
whom  may  be  especially  mentioned  Sir  H.  James,  Prof.  E.  Forbes, 
and,  most  recently  Prof.  Harkness,  in  the  paper  already  referred  to. 
Suffice  it  to  say  that  the  superposition  of  the  upper  and  middle  divisions 
(Manure  gravel)  is  there  clearly  maintained,  and  is  in  accordance 
with  the  arrangement  of  the  strata  in  the  district  here  described.* 

Central  Plain  of  Ireland. — The  superposition  of  the  Middle  Drift 
(Limestone  Gravel)  on  the  Lower  Boulder-clay  is  of  common  occur- 
rence over  the  central  plain  of  Ireland,  though  the  presence  of  the 
Upper  Boulder-clay  has  hitherto  not  been  noticed.  This  is  probably 
only  because  it  has  not  been  looked  for;  but,  unquestionably,  the 
principal  cause  of  its  general  absence  is  recent  denudation.  That  it 
once  had  a  very  general  distribution  over  this  area,  from  which  it 
has  subsequently  been  swept  by  both  marine  and  atmospheric  agents 
of  waste,  is  a  view  which  I  very  strongly  hold. 

One  reason  for  this  belief  is  the  occurrence  of  large  boulders  of 

limestone  and  other  rocks,  which  may  be  frequently  observed  strewn 

along  the  summit  or  sides  of  the  Eskers.     Now,  without  entering 

into  the  vexed  question  of  the  origin  of  theae  Te^TXi<dxVsik^<6  Tv^^sgij^^ 

'  See  Prof.  Harkness's  paper  already  (^uoVed,  i^.  1^^* 
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there  can  be  no  doubt  that  they  are  for  the  most  part  formed  of  the 
Limestone  OraTol  or  Middle  Drift,  in  some  plaoes  re-modelled,  but  in 
others  apparently  retaining  its  original  form  of  stratifioation.^  One 
of  these  boulders,  resting  on  the  flanks  of  an  Esker  near  Durrow, 
called  the  ''  Pilgrims*  Hoad  Esker,"  formed  of  limestone,  was  found 
by  Mr.  J.  O'Eelly,  of  the  Geological  Survey,  to  measure  18  by  15 
by  12  feet.'  Gh)nerally  these  boulders  are  to  be  found  in  sudi 
positions ;  and  though  I  was  for  a  time  at  a  loss  to  account  for  their 
presence,  1  venture  to  suggest  that  they  are  the  monuments  of  the 
former  existence  of  a  formation,  viz.,  the  Upper  Boulder-clay,  of 
which  the  soft  and  fine  materials  have  been  swept  away,  while  the 
largo  boulders  it  once  held  imbedded  have  resisted  the  agencies  of 
destruction,  and  remain  behind  stranded  on  the  Eskers.  As  a 
parallel  case,  I  may  refer  to  the  presence  of  the  '*  Sarsen  stones,*'  or 
"  Grey  wethers,"  on  the  Chalk  Downs  of  Wilts  and  Berks,  relics  of 
the  Tertiary  strata  in  which  they  were  once  imbedded,  but  of  which 
there  are  frequently  no  traces  in  the  immediate  neighbourhood  of  the 
"  Sarsen  stones  "  themselves. 

Varying  levels  of  the  Drift  deposits. — The  Limestone  Gravel  of 
the  neighbourhood  of  Dublin  has  been  traced  to  considerable  eleva- 
tions on  the  flanks  of  the  Dublin  and  Wicklow  Hills,  by  the 
Eev.  Maxwell  Close,  Mr.  Wyley,  late  of  the  Geological  Sun^ey,  Dr. 
Scouler,  and  others.  These  elevations  reach  1,200  and  l,23o  feet  on 
Montpelior  Hill;^  and  as  the  gravels  contain  fragments  of  shells, 
these  levels  undoubtedly  indicate  the  amount  of  depression  of  the 
land  below  its  present  level  during  the  Middle  Glacial  stage. 

These  observations  are  in  accordance  with  those  I  made  very  care- 
fully ill  Lancashire,*  where  I  found  each  member  of  the  Drift  to  rise 
gradually  towards  the  hills,  and  sink  down  under  the  plains.  The 
position,  therefore,  which  the  Drift  deposits  assume,  is  not  that  of 
horizontal  teiTaces,  occupying  successive  levels  as  we  ascend  the 
sides  of  the  hills  (a  vcr}-'  i>revalent  view  of  the  subject),  but  one  in 
which  the  different  members  accommodate  themselves  to  the  original 
form  of  the  ground,  rising  and  cro^jping  out  in  succession  at  certain 
elevations,  depending  on  the  amount  of  denudation  to  which  they 
have  been  subjected.  This  arrangement  is  illustrated  in  some  degree 
by  the  section  along  the  coast  at  Killiney  and  Bally  brack  (see  Fig.  1), 
where  the  beds  are  seen  to  slope  (or  dip)  down  from  Killiney  Hill 
into  the  i)lain  below. 

General  Conclusions, — The  division  of  the  Glacial  period  into  three 
stages,  first  clearly  demonstrated  by  Professor  Ramsay,  in  1852, 
when  treating  on  the  Glacial  phenomena  of  North  Wales,*  marked  by 
corresponding  deposits  over  the  three  kingdoms,  is  one  which  I  think 
may  now  be  regarded  as  fully  established,  and  is  an  immense  advance 
on  our  knowledge  as  compared  with  that  a  quarter  of  a  century  since. 
(3)  Tlie  earliest  stage  was  one  of  general  elevation  of  the  land  and  sea- 

»  See  account  of  the  Eskers  at  Stonepark  by  Mr.  Symes,  P.G.S.,  of  the  Gcolopcal 
Sunev.     Explanatory  Memoir,  Sheets  86,  87,  and  pp.  49-61,  with  woodcut. 
2  Explanation  Sheets  98,  29,  and  p.  27. 

*  Explanation  Sheeta  102  and  112.    Geol.  Survey  Maps,  p.  67. 

*  "  Drift  Deposits  of  Manchester,'*  supra  cit.  pp.  467-8. 
^  Quart.  JouiR,  Geol.  Soc.,  toI.  \ui. 
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bed,^  accompanied  by  intense  cold  and  the  formation  of  extensive 
sheets  of  land-ice.  (2)  The  seocHid  reBulted  in  a  general  depression 
of  the  land,*  with  the  return  of  a  milder  climate ;  (1)  and  the  third 
was  characterized  by  a  partial  re-elevation  of  the  submerged  land, 
and  a  partial  return  of  a  cold  climate,  productive  of  local  glaciers 
and  icebergs.  This  period  gradually  gave  plaoe  to  the  climate  of 
our  own  day,  and  its  change  is  indicated  by  the  retreat  of  the  glaciers 
anK)ngst  the  ''Centres  of  Dispersion,"  as  graphically  described  by  Mr. 
de  Banco,  on  a  recent  occasion,  in  Cumberland,  and  by  Prof.  Bamsay,  in 
North  Wales.  These  stages  may  thus  be  expressed  in  a  concise  form, 
as  I  have  attempted  to  show  in  the  accompanying  page,  on  which  I 
have  only  to  remark  that  the  changes  from  one  stage  to  another  are 
not  to  be  regarded  as  sudden  or  abrupt;  between  each  there  was 
doubtless  a  period  more  or  less  extended,  and  partaking  of  the 
climatical  condition  of  the  preceding  and  suoceediing  stages;  while 
the  change  from  the  third  stage  into  the  recent  period  is  also  to  be 
regarded  as  of  a  gradual  character. 

Tabular  View. — Intended  to  show  the  Physical  Characters  of  the  Three  Stages 

of  the  Drift  period  over  the  British  area. 
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^  Possibly  to  the  extent  represented  by  Lyell  in  Yna  woiV  on  ^*  Tt^ft  kGdciin;(&fis^  A 
Man,"  p.  279.  »  To  the  extent  Bhowa  by  moj,  -^^  7.1^.— IbVA, 
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III. — ^The  Submeboenoe  of  Is,  in  Western  Beittant. 

By  G.  A.  LxBouB,    P.O.  8.,  F.E.O.8., 
of  the  Geological  Surrey  of  EoglandL 

IT  has  frequently  been  found  that  in  cases  of  depression  or  eleva- 
tion of  land  the  records  of  historians  have  corroborated  the  in- 
ferences of  geologists.  The  works  of  the  ancient  geographers  have 
also  been  of  use  in  this  way.  It  is,  however,  more  rarely  that  a 
tradition  receives  confirmation  at  the  hands  of  geological  observers, 
and  this  it  is  which  leads  me  to  call  the  attention  of  the  readers  of 
the  Geolooioal  Magazine  to  the  subject  of  the  present  paper. 

The  tradition  to  which  I  wish  to  refer  is  one  which  has  for  many 
centuries  been  current  in  Lower  Brittany,  and  the  substance  of  it  is 
this  :  that  in  the  time  of  King  Gradlon,  that  is,  in  the  fourth  or  fifth 
century,  the  chief  town  of  his  kingdom  was  situated  &r  to  the  West 
of  the  present  land  where  is  now  the  Bay  of  Douamenez ;  that  the 
land  on  which  it  stood  was  very  low,  and  in  constant  danger  from 
inroads  of  the  sea,  which  was  kept  out  by  what  the  ballads  on  the 
subject  call  "  gates,"  but  which  may  have  been  some  kind  of  dykes. 
The  name  of  this  town  was  Is,  and  it  was  the  seat  of  the  king's 
government  The  legend  then  tells  how,  by  a  romantic  series  of 
events,  the  town  and  the  surrounding  low-lying  land  were  sub- 
merged, the  king  only  saving  himself  at  the  expense  of  his  daughter 
Dahu,  whom  he  flung  into  the  sea  from  the  pillion  on  which  she  was 
escaping  with  him. 

Now  there  are  a  numbef  of  circumstances  which  tend  to  give  this 
legend  more  weight  than  such  tales  usually  deserve.  Most  of  these 
arguments  in  favour  of  the  existence  of  Is  are  stated  at  length  in  the 
Chronicles  of  the  Ligue  in  Brittany,  by  Chanoine  Moreau,  who  wrote 
about  the  beginning  of  the  seventeenth  century.  The  principal 
among  them  are  as  valuable  now  as  they  were  in  the  time  of  Moreau, 
and  the  utter  absence  of  variation  in  the  tradition  as  it  was  known  to 
the  Bretons  then  and  as  it  is  told  and  sung  by  them  now,  is  some 
evidence  to  its  original  truth.  The  facts  which  are  explicable  only 
on  the  assumption  of  the  existence  of  the  town  and  land  in  questiou 
are  chiefly  these  : — 1.  That  several  well-made  roads,  which  are  even 
now  very  easily  traced  across  the  country,  run  from  various  inland 
points  (for  the  most  part  ancient  shrines)  in  Brittany  to  the  shores 
of  the  bay,  and  that  these  roads,  which  have  at  present  no  conceiv- 
able object,  would,  if  prolonged,  converge  at  a  point  within  the  bay, 
some  miles  from  land.  2.  That  the  Abbots  of  Landevenec  (a  large 
and  rich  abbey,  founded  by  King  Gradlon)  were  bound  by  the  terras 
of  their  tenure  to  come  and  take  formal  possession  at  a  rock  on  the 
beach  at  Pentrez,  which  is  the  point  nearest  to  the  supposed  site  of 
tlie  lost  town.  This  ceremony  was  continued  until  shortly  l)efore 
the  great  Kevolution,  and  it  was  always  understood  that  tho  Pentrez 
rock  was  used  as  a  substitute  for  Is,  which  could  no  longer  be  reached. 
3.  That  many  of  the  villages  and  towns  in  the  vicinity  of  the  bay 
have  the  termination  ia,  wluch  is  a  point  in  the  evidence  to  which  I 
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cannot  grant  as  much  importance  as  Chanoine  Moreau  seems  to 
attach  to  it  4.  That  the  church  at  Lanval  on  the  coast  (now  in 
ruins)  had  the  following  saying  attached  to  it :  ''  that  sixty  scarlet 
cloaks  (these  were  the  big- wigs),  without  counting  others,  used  to 
come  ftt)m  Is  to  mass  at  Lanval,"  and  that  a  common  saying  was, 
*'  Is  ne  cavas  par  da  Paris,"  *'  Since  Is,  nothing  has  been  seen  like 
Paris."    This  last  1  have  myself  heard  the  natives  say  repeatedly. 

These  data,  therefore,  all  point  to  the  existence  of  Is,  and  to  the 
general  truth  of  the  legend,  and  can  scarcely  be  explained  otherwise. 
If  there  did  exist  such  a  town  in  such  a  situation,  then  there  must 
have  been  a  considerable  depression  of  the  coast  of  Western  Brittany 
at  least  in  early  Christian  times,  and  traces  of  snch  an  occurrence 
should  be  discernible  somewhere  along  the  coast.  With  the  view  of 
ascertaining  whether  this  was  the  case  or  not,  I,  during  one  of  my 
later  sojourns  in  the  district,  carefully  explored  the  whole  of  the 
Western  coast  of  the  department  of  Finist^re.  The  result  is,  I  think, 
quite  in  accordance  with  the  tradition,  and  renders  it  at  once  possible 
and  probable. 


DOUARRCNES 


4. 


^v 


i<^ 


^ 


^^KZ^'''""^- 


zu. 


Skbtch-Map  of  Part  of  Coast  of  Finistsbb. 
The  dotted  line  shows  the  approximate  coast-line  in  the  time  of  Is. 

On  the  shores  of  the  bay  itself,  and  in  the  Bade  de  Brest,  no 
signs  of  any  comparatively  recent  subsidence  were  observed.  On 
doubling  the  Bec-ar-Raz,  however,  and  following  the  coast  in  a 
Southerly  direction,  past  the  beautiful  stretch  of  beach  which  skirts 
the  broad  Bay  d*Audieme,  the  ruined  churches  and  other  buildings 
of  the  sacked  towns  of  Penmarch  and  Eerity  afford  some  evidence 
of  being  nearer  the  sea  than  they  originally  were,  or,  in  other 
and  more  proper  words,  of  the  sea  having  gradually  encroached 
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upon  the  land ;  one  of  the  dburohyards  being  aheadj  half  eatoi 
away  by  the  waves  of  high  tides,  and  displaying  a  by  no  means 
pleasing  collection  of  bones  below  high-watn*  maik.     Moreover,  it  is 
asserted  by  sailors  that  the  weird  rock  to  the  west  of  the  tuibb, 
well  known  as  the  Torche  de  Penmarchf  is  deGreaaing  in  height^  and 
is  no  longer  as  excellent  a  land-mark  as  it  was  in  former  years. 
Proceeding  westward  from  this  point,  we  soon  oome  to  the  Anse  de 
Benodet,  where,  on  the  shores  of  the  lie  Tndy,  I  waa  fortunate 
enough  to  discover  two  lines  of  boundary  moundSy  or  atone  dykes, 
which  were  continued  some  distance  below  low-water  mark,  thus 
plainly  proving  a  subsidence  of  this  low-lyin^  shore  at  no  veiy 
difltant  date.    It  is,  however,  further  west  stiU  that  the  best  and 
clearest  proofs  of  depression  are  to  be  found,  in  the  Bay  de  la  For6t, 
the  very  name  of  which  should  cause  geological  ears  to  prick  up. 
This  bay  is  small,  the  shores  consisting  of  low-rounded  rocks  of 
very  coarse-grained  granite.    It  is  two-thirds  of  a  circle  in  shape, 
and  is  much  used  for  oyster  culture.    It  is  shallow,  the  bottom 
being  everywhere  a  mass  of  coralline.     In  dredging,  however,  for 
annelids,  eta,  I  often  brought  up  nuts  and  bits  of  wood,  black  and 
soft,  as  they  are  found  in  peat-bogs.     During  very  low  tides  the 
shelving  beach  is  seen  to  be  studded  very  thickly  with  similarly 
blackened  and  decomposed  trunks  of  trees  (mostly  oak  and  birch) 
apparently  embedded  in  a  layer  of  peaty  mud  full  of  nuts  and  leaves. 
In  order  to  see  these  trunks,  much  clearing  of  the  overlying  sand 
is  generally  required,  but  their  presence  is  so  well  known  to  the 
fishermen  of  the  coasts,  that  it  is  always  given  by  them  as  the 
origin  of  the  name  of  the  bay.     That  we  have  here  a  sunken  forest 
there  can  be  no  doubt,  and  that  the  date  of  its  submeigenoe  is  by  no 
means  ancient  (geologically  speaking),  is  proved  by  the  fact  that  on 
the  western  side  of  the  bay  the  old  wood  is  continuous  with  a 
living  one  on  land  at  a  place  called  Eerafloch.     Besides  this  direct 
proof  of  submergence,  I  have  it  on  the  authority  of  a  French  naval 
officer,  very  familiar  with  the  Brittany  coast,  that  the  Hes  de  Glenan 
(some  eight  miles  to  the  south  of  the  Bay  de  la  Foret)  are  in  the 
modem  charts  sensibly  smaller  than  they  are  drawn  in  the  older 
maps.     This  is  to  some  degree  corroborated  by  the  Ormer  (Haliotis) 
fisliers,  who  assui-ed  me  that  at  the  present  day  the  Ormers  are  found 
much  nearer  the  lighthouse  on  Penfret  Island  (one  of  the  Gl6ian 
group)  than  they  were  formerly.^     These  two  statements  argue  a 
rather  rapid  encroachment  of  the  sea  upon  the  land,  and  one  which, 
when  viewed  in  connexion  with  the  other   data  furnished  ])y  the 
coast  of  the  inain-land,  must  in  all  probability  have  been  continuing 
for  a  very  considerable  time.     With  such  facts  before  us  then,  it  is 
only  necessary  for  our  purpose  to  inquire  whether  the  amoimt  of 
depression  displayed  by  them  is  sufficient  to  account  for  the  sub- 
mergence, fifteen  centuries  ago,  of  a  portion  of  the  present  Bay  of 
Douanienez.     In  order  to  arrive  at  any  results  in  this  matter,  the 
depth  of  the  Bay  of  Douanienez  must  of  course  he  taken  into  ac- 

^  The  Ormer  can  only  be  collected  during  very  low  tides,  as  its  habitat  is  can- 
sidorably  below  ordinary  low-water  mark. 
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count.  Its  bottom  is  a  very  gradually  sloping  one,  tolerably  deep  at 
the  western  end  or  opening  of  the  iMty,  and  shallow  at  the  eastern 
extremity.  Now  the  eastern  portion  is  the  only  one  which  we  need 
oonsider,  as  it  is  within  it  that  the  site  of  Is  is  said,  aooording  to 
every  version,  to  be.  In  this  space  then,  the  deepest  sounding  that  I 
have  been  able  to  find  is  between  seven  and  eight  fitthoms,  so  that 
an  elevation  to  that  extent  would  convert  the  whole  of  the  eastern 
end  of  the  bay  into  dry  land.  Now  all  the  foots  which  we  have 
detailed  above,  tend  to  show  that  the  depression  of  the  land  is  still 
at  work,  and  assuming  that  it  has  continued  ever  since  (how  long 
before  we  need  not  inquire)  the  traditional  date  of  the  submergence 
of  Is,  we  get  an  average  rate  of  depression  of  three  feet  per  century 
— ^by  no  means  an  extravagant  allowance.  The  effect  of  the  eleva- 
tion of  the  land  some  forty-five  feet  would,  it  will  be  seen  by 
referring  to  the  accompanying  sketch-map,  not  disturb  the  geo- 
graphical descriptions  of  the  district  given  by  Csesar  and  others.  I 
wish  it  to  be  understood  that  I  am  in  no  wise  arguing  that  the 
depression  in  question  was  anything  more  than  a  local  one ;  as  I  am 
aware  that  it  is  held  that  the  Northern,  Southern,  and  South- 
western coasts  of  France  are  within  the  European  area  of  elevation. 
That  such  a  local  sinking  of  the  land  exists  in  Basse  Bretagne,  I 
think  I  have  shown  sufficiently  ;  and  my  object  will  be  served  if  I 
have  also  shown  that,  at  the  time  that  Is  is  said  to  have  been  the 
pride  of  King  Gradlon's  kingdom,  there  is  eveiy  probability  that 
land  did  exist  at  the  very  spot  with  whidi  that  semi-mythical  city 
has  always  been  associated.  That  such  a  probability  greatly  enhances 
the  value  of  the  tradition,  and  of  the  otherwise  slender  evidence 
which  supports  it,' is  obvious.  I  have  thus  done  my  best  as  a  geologist 
to  bring  back  an  old  legend  within  the  realms  of  truth,  and  I  must 
now  leave  it  to  the  antiqaary  to  find  oat  more  concerning  lost  and 
forgotten  Is. 

IV.^On  the  Drifts  of  the  West  and  South  Borders  of  the  Lake 
District,  and  on  the  Three  Great  Granitic  Dispersions. 

By  D.  Mackintosh,  F.6.S. 
(C(mtinued  from  ow  last  number,  p.  256.) 

BoMer-scars. — ^From  Maryport  to  Parkgate,  the  E.  coast  of  the 
Irish  Sea  at  intervals  exhibits  accumulations  or  concentrations  of 
large  boulders,  which  are  locally  called  scars.  They  may  be  seen  in 
all  stages  of  formation,  from  the  denudational  area,  where  they  are  in 
course  of  being  left  by  the  washing  away  of  the  clayey  matrix,  to 
the  depositional  area,  where  they  have  become  half-covered  with 
recent  sand  and  shingle.  In  many  places  (as  between  Seascale  and 
near  Silecroft)  there  are  so  many  boulders  within  a  small  area  as  to 
show  that  a  considerable  thickness  of  the  clay  must  have  been  re- 
moved. With  the  exception  of  having  tumbled  down  as  the  cliffs 
were  undermined  and  worn  back  by  the  sea,  many  of  the  boulders 
may  still  rest  nearly  in  the  positions  they  occupied  in  the  clay^  but 
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(as  is  eTidenced  on  the  ooast  at  Parkgate)  others,  up  to  a  gmt 
diameter,  may  have  been  shifted  horizontally.  Some  of  the  scan 
exist  where  the  Boulder-clay  would  appear  to  have  risen  up  into 
ridges  or  mounds,  as  no  day  is  now  found  opposite  to  them  at  the 
base  of  the  sea-cliff.  Others  are  olay  and  boulder  plateaux,  visifaly 
connected  with  the  cliff-line.  Most  of  the  scars,  I  believe,  are 
remnants  of  the  great  Lower  Brown  Boulder-clay.  The  most  ocm- 
spicuous  boulder  in  the  scars  S.W.  of  Bootle,  is  Eskdale-fell  granite, 
accompanied  by  a  little  Criffell  granite,  and  a  great  number  of  the 
usual  felspathic  erratics. 

Drifts  near  Silecroft  and  HoJhom  HilL — ^The  Eskdale  granitio 
drift  near  Silecroft  suddenly  bends  round  and  runs  up  Whicham 
valley  for  some  distance  E.  of  the  Parsonage.  The  8.W.  end  of 
Millom  HlU  (which  chiefly  consists  of  deaved  felspathio  ashes, 
granular  felstone  and  porphyry),  presents  the  appearance  of  a 
beach  strewn  witli  many  pebbles  of  granite  and  other  rocka.  Here 
I  saw  a  roche  mouiannie  with  its  glaciated  side  towards  the  bill,  but 
not  in  the  line  of  any  valley.  On  the  adjacent  plain  there  is  much 
granitic  drift  Its  inland  boundary  bends  eastwards  to  the  N.  of 
Holbom  Hill,  crosses  the  Duddon  estuary,  and  re-appears  on  Dunner- 
holme  Island,  and  near  Soutergate.  The  boundary  then  runs  S.S.E. 
by  Great  Urswick,  a  little  N.  of  which  I  found  a  granitic  boulder.* 
Pebbles  of  it  (probably  washed  northwards  along  the  sea-coast  from 
its  original  boundary  S.  of  Baycliff)  may  be  seen  near  Bardsea. 
Between  Millom  Station  and  Millom  Hill,  the  Upper  Boulder-day 
knolls  apparently  alternate  horizontally  with  sand  and  gravel  knoUs, 
but  the  few  sections  visible  justify  the  supposition  that  the  two 
drifts  thin  out  below  or  al>ove  one  another  in  a  manner  indicating 
distinct  periods  of  deposition.  Between  Millom  Station  and  Sile- 
croft, a  similar  dovetailing  of  drift-knolls  may  be  recognized,  and  in 
one  part  of  the  milway-cutting  the  sand  is  interstratified  with 
subordinate  beds  of  clay,  but  not  Boulder-day. 

Striated  Limestone  crossed  by  Drift-carriage, — About  half-a-mile S. 
of  Millom  Station,  a  gently-swelling  eminence,  75  feet  above  the 
sea,  has  lately  been  quarried,  and  the  result  has  been  the  exposure  of 
the  most  thoroughly,  continuously,  and  extensively  glaciated  rock- 
surface  I  have  yet  anywhere  seen  (Nov.,  1870).  The  grey  limestone 
has  been  uniformly  planed  down,  polished,  and  traversed  by  white 
grooves  and  strite.  The  finer  lines  have  been  cleanly  cut,  but  in 
many  places  the  coarser  striae  and  grooves  (the  latter  about  |th 
of  an  inch  in  breadth)  consist  of  a  close  succession  of  rough  dints, 
as  if  small,  sharp,  angular  quartz  fragments  had  been  mode  to  roll 
over,  or  as  if  the  floating  ice  which  held  the  fragments  had  vibrated 
after  suddenly  grounding  (?).  One  might  suppose  that  the  polishing 
of  the  rock  and  the  microscopic  lines  were  produced  by  land-ice, 
were  it  not  that  the  latter  cross  each  other  at  nearly  all  angles. 

»  The  boundary  in  Furness,  and  in  many  places  further  North  and  South,  must 
have  been  more  or  less  deeply  submerged,  and  one  cannot  long  trace  dritt-boundarii'S 
witliout  having  to  abandon  the  notion  that  they  muat  always  have  been  marked  by 
dry  land,  or  that  dry  laud  necessarily  existed  where  there  arc'dritUebS  areas. 
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itst  of  the  lines  vieible  to  the  naked  eye  point  K.E.  or  obliquely 
rou  the  valley  of  the  Duddon.  Uoat  of  the  few  strongly-markM 
}OTee  run  between  N.  and  N.  36°  E.,  or  appraximately  in  the  main 
section  of  the  Onddon  valley.  The  tamtfying  rough  crevioea  in 
)  limeotone  would  appear  to  have  existed  before  the  glooiatioa 
jurred.  They  are  ptully  filled  with  eand  and  fine  gravel,  whloh 
ly  belong  to  the  Middle  Drift  period,  and  whioh  may  have  once 
vered  the  whole  rock-snrfaoe,  and  fumiehod  the  ioe  with  grinding 
iterial.  If  bo,  its  removal  by  the  ioe  must  have  been  followed  by 
J  accumulation  of  the  Upper  (?)  Bed  Boulder-clay  whioh  covered 
i  glaciated  rock-surface,  and  still  covers  it  where  quarrying 
orations  have  not  extended.  But  this  olay  did  not  result  &om  the 
iodtog  up  of  the  limestone,  for  (acoording  to  an  analysis  made  by 
f.  Heywood,  of  Millom)  it  contains  Hilica  62'97,  and  alumina, 
-50  per  cent.  Nearly  all,  if  not  all  the  stones  and  boulders  in  this 
ly,  have  oome  from  directions  which  cross  the  grooves  and  Htri^  (a 
w  of  the  microscopic  lines  exoepted),  and  the  main  direction  of 
)  ice-marks  (N.E.)  is  nearly  at  right  angles  to  the  main  direction 

the  drift-carriage  (N.N.W.).  The  glaciating  agent,  therefore, 
old  not  have  been  the  carrying  agent,  though  it  may  have  beeo  of 
i  same  natore.  The  boulders  are  ohiefiy  Eskdale  granite  and 
kdale  or  Wastdale  granilite,  granular  felstone  apparently  from 
wtdale,  eto.  The  existence  of  the  stiisa  under  a  covering  of 
•nlder-clay  furnishes  an  illustratioa  of  one  of  the  fundamental 
inoiples  of  geology,  namely,  that  the  sea  preserves  the  most 
iicete  marks  on  rooks  in  areat  of  dspoiiiion,  a  principle  whioh  Mr. 

Banoe  overlooked  when  he  asserted  that  the  roehe  motUonnie  at 
'ange  Bridge  could  never  have  been  touched  by  the  see  {QmoL. 
LB.,  March,  1871). 


LivieiUme  Se^plured  hy  ike  5ea.— Not  far  from  the  above  quarry, 
Hodbarrow  Point,  the  pebbles  and  boulders  of  the  red  clay  are 
>d  by  eea-wavea  to  hollow  out  the  originally  rough  and  uneven 
cfaoe  of  limestone  strata,  and  the  effect  produced  is  a  ^vfoct  tv^ 
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simile  of  many  of  the  smoothly  sculptured  rocks  one  may  see  in  til 
limestone  districts,  where  the  irregularly  pitting  and  ronghenii^ 
action  of  rain-water  and  frost  has  not  obliterated  the  evidently 
ground-out  basins  and  channels.  On  the  hill-slopee  between  Silver- 
dale  Station  and  Tealand,  and  in  many  other  plaoes  around  More- 
cambe  Bay,  the  Silurian  grit  pebbles  may  still  be  found  in  tiio 
hollows  they  once  ground  out  Under  drift  the  scnlptnred  lime- 
stone surfaces  often  become  decomposed,  while  in  the  open  air,  in 
situations  where  rain-water  innocuously  runs  off,  they  haye  remained 
nearly  intact. 

Valley  of  the  Duddon. — Beyond  the  northern  boundary  of  the 
granitic  drift  stream  above  described,  and  on  the  way  to  Thwaite8» 
there  are  immense  boulders  of  felspathio  breccia,  a^esy  and  por- 
phyry. W.  of  Green  the  striad  run  E.  80^  N.  I  have  elaewhere 
noticed  the  great  pinel  knoll  near  Oreen.  About  Thwaites  there 
are  many  kuolls  and  slope-coverings  of  pinel,  with  boolders  up  to 
eight  feet  in  average  diameter.  Here,  and  all  along  the  W.  side  of 
the  Duddon  estuary,  there  is  much  green,  grey,  and  blue  poiphyry, 
in  situ,  along  with  ribboned  or  banded  felspathio  slag,  felspathic 
breccia  and  felspathic  ashes ;  and  a  tributaiy  ice-laden  current  may 
have  carried  boulders  of  these  rocks  into  the  great  drift-current 
already  mentioned.  Between  Thwaites  and  Duddon  Bridge  there 
are  numerous  roches  moutonnies  on  the  slope  rising  from  the  W.  side 
of  the  flat  bottom  of  the  Duddon  valley,  and  among  them  we  have 
the  old  story  repeated,  namely,  the  obliquely-upward  glaciation  of 
rocks  from  and  not  along  the  valley.  The  transverse  configuration 
of  the  ground  shows  that  (in  many  instances  at  least)  the  glaciation 
did  not  result  from  lateral  grinding  exerted  by  a  valley-glacier,  and 
it  is  worthy  of  remark  that  the  direction  of  this  glaciation  approxi- 
mately corre8[K)nds  with  the  striae  W.  of  Green  and  at  Millom 
quarry.  The  eastern  slope  of  the  upper  valley  of  the  Duddon  i« 
covered  with  a  succession  of  gently -swelling  knolls  (with  rocky 
nuclei)  of  pinel,  and  overlying  loam,  both  containing  large  boulders. 
In  many  places  there  are  roches  moutonnies,  with  parallel  undula- 
tions or  wide  — ^-shaped  grooves  (as  well  as  minute  striae),  pointing 
N.N  E.  or  nearly  in  the  direction  of  the  valley.  But  the  great 
wonder  of  the  Duddon  valley  is  the 

Lateral  Moraine  near  Seathwaite. — On  walking  along  the  road  near 
Seathwaitc  Church,  in  company  with  the  Rev.  F.  A.  Malleson,  of 
Brou^hton-in-Furness,  and  Mr.  Postlethwaite,  a  neighbouring  squire, 
I  was  almost  astounded  at  the  appearance  presented  by  what  at  first 
looked  like  a  black  causeway  of  large  blocks  thrown  down  in  haste 
by  a  ])re-historic  race  of  gianta,  and  I  could  not  believe  that  the 
8i>ectacle  was  natural,  until  Mr.  Postlethwaite  assured  mo  that  it  was 
so.  It  runs  along  the  grass-covered  (and  apparently  drift -covered) 
slope  which  rises  gently  from  the  cast  side  of  the  valley  to  the  ridge 
called  Walna  Scar.  There  are  no  rocky  8carj)s  above  from  which 
the  blocks  could  have  tumbled  down.  They  are  nearly  all  quite 
angular,  and  are  rudely  congregated,  often  piled  on  one  another, 
^    within  a  well-defined  zone,  a  few  scores  of  yards  in  breadth,  and 
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)iit  two  miles  in  length.  At  the  northern  end  this  post-marine 
eral  moraine  (for  such  evidently  it  is)  rises  up  to  about  800  feet 
>Te  the  bottom  of  the  valley.  At  the  lower  end  it  desoends  nearly 
the  bottom  of  the  valley.  N.  of  it,  and  at  a  higher  level,  there 
\  numerous  rocky  scarps  from  which  a  shaUow  glacier  may  have 
lected  the  blocks.  But  they  may  have  been  partly  derived  from 
\  tributary  glacier  which  once  evidently  came  down  through  Sea- 
vaite  tarn  cwm,  which  left  many  perehed  blocks  on  the  platform  in 
nt  of  the  cwm,  and  finally  deposited  the  small  irr^ular  moraine 
lich,  with  solid  rock  at  intervals,  dams  back  the  water  of  the  tarn. 
NoUb  on  the  Drifts  of  Fwmeas. — ^I  have  described  these  drifts  in 
>  Quart.  Joum.  G^eol.  Soc.  vol.  xxv.,  and  would  here  very  briefly 
te  the  results  of  a  second  series  of  observations.  The  greatest 
ysses  of  yellowish-brown  pinel  I  have  yet  encountered  are  near 
idal,  at  a  height  of  about  300  feet  above  the  sea.  They  reach  a 
okness  of  about  120  feet,  and,  at  a  lower  level,  a  still  greater 
ekness  is  said  to  have  been  proved.  It  resembles  the  pinel  which 
IB  under  the  sea  on  the  E.  coast  of  Fumess,  and  is  evidently  on 
i  same  horizon  with  the  Lower  stony  Boulder-clay  of  Blackpool. 
Fumess  we  find  what  may  bo  called  the  central  and  maximum 
relopment  of  this  formation,  and  it  graduates  northwards  into  the 
lel  of  the  Coniston  Old  Man  (which,  on  the  Walna  Soar  road, 
B8  to  a  height  of  at  least  1200  feet  above  the  sea),  and  southwards 
o  the  more  sedimentary  Lower  Boulder-clay  of  Lancashire.  In 
part  of  the  N.W.  of  England,  so  far  as  I  have  seen,  is  there  any 
pearance  of  a  line  of  demarcation  between  the  pinel  of  the  hiU- 
pes  and  the  adjacent  recesses  and  valleys,  and  the  Lower  Boulder- 
y  of  the  plains.  The  erratic  boulders  in  the  pinel  at  Lindal, 
verstone  Railway  Station,  the  sea-coast  near  Bardsea,  eta,  would 
pear  to  have  come  in  straight  or  curved  lines  from  Millom  Hill, 
i  the  slopes  thence  stretching  Northwards  to  Duddon  Bridge. 
Dispersion  around  Hill-hases  and  up  Valleys. — Beaches  of  pinel 
rve  round  the  small  hills  and  run  up  the  small  valleys  N.  and 
N^.E.  of  Ulverstone.  Most  of  the  imbedded  boulders  are  local, 
t  a  few,  consisting  of  porphyry,  would  appear  to  have  come  from 
)  W.  side  of  the  Duddon  valley.  It  is  difficult  to  conoeive  of  their 
ving  come  in  a  straight  line  over  the  elevated  intervening  hilly 
ttrict,  and  no  similar  erratics,  so  far  as  I  am  aware,  are  to  be  found 
the  higher  plateaux  or  passes  of  this  district  We  may,  therefore, 
*er  that  these  boulders  were  floated  round  by  way  of  Ireleth, 
anded  on  the  jutting  sea  shores  near  Ulverstone,  and  carried  up 
)  small  valleys  by  ice-laden  flow-tides  or  wind-currents.  But  the 
eral  or  np-valley  dispersion  of  portions  of  drift  diverted  from  the 
rders  of  great  ice-laden  cnments  has  been  a  common  and  not 
trely  an  exceptional  occurrence  in  the  N.W.  of  England.^ 

In  E.  Lancashire,  along  the  boundary  of  the  great  North-western  drift,  booldeTB 
•e  found  their  way  into  valleys  lying  at  nearly  ricrht  angles  to  the  general  course 
he  drift.  Far  up  in  the  narrow  valley  called  Swinesnaw,  near  Staley  Bridge, 
re  are  many  stones  of  Eskdale  granite  and  Wastdale  granilite  which  reach  a 
ght  of  900  feet  above  the  sea.  They  are  associiited  with  stones  which  must  hate 
le  from  various  points  of  the  compaas. 
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From  Greened  to  Netthtf  Bridge. — At  Greenod,  on  the  west  side  of 
a  tidal  channel,  we  may  see  a  miniature  illustratioii  of  the  fact,  that 
when  angular  fragments  get  imhedded  in  loam  or  day,  they  soon 
lose  all  chance  of  ever  hecoming  rounded, — a  fact  of  much  import- 
ance in  speculating  on  the  origin  of  hill-side  drifts.  In  Haverthwaite 
Scliool^'ni-d  a  boss  of  rock  has  been  glaciated  from  K  30°  N.  Netr 
Ncwl)y  Bridge  Cottages,  the  slate  rock  in  the  railway  catting  ii 
polished  and  striated  between  N.  AfP  E.  and  N.  60°  E.  Farther 
north,  at  tlio  foot  of  Windermere  Lake,'  the  strias  mn  N.  20°  £. 
llio  glaciated  surface  is  covered  with  well-rounded  gravel  and  sand, 
and  a  little  pinel  fills  up  the  underlying  rough  oavitiea  The  drift 
here  swells  out  into  great  knolls,  which  rise  at  least  100  feet  above 
the  level  of  the  river. 

Around  SUverdale,  Burtoriy  and  Mtlnthorpe, — ^Near  Silverdale  Station 
the  limestone  has  been  striated  from  the  N.  Between  here  and  Tea- 
land,  more  or  less  rounded  limestone  boulders  may  be  found  in 
(Kisitions  where  they  might  easily  be  launched,  as  many  of  their 
fellows  probably  were,  by  coast-ice.  But  the  most  wonderful  axray 
of  limestone  boulders,  some  of  them  15  feet  in  average  diameter, 
may  be  seen  on  the  south  side  of  Farlton  Knott,  near  Burton.  On 
walking  from  Burton  to  Heversham,  I  unexpectedly  met  with  a  great 
number  of  boulders  of  Shapfell  granite,  one  of  them  4x3|x2j^  feet 
They  are  abundant  at  and  near  Whasset,  and  all  round  Milnthorpe, 
but  I  saw  only  one  pebble  of  this  granite  farther  E.  than  the  neigh- 
bourhood of  AVliasset.'  llie  granite  has  come  from  about  E.  15°  N. 
or  from  Wasdale  Crag,  and  I  think  it  must  be  something  more  than 
a  coincidence  that  this  is  nearly  the  general  direction  of  the  truly 
remarkable 

Parallel  Drift-ridges  S.E,  of  Kendal-^The  N.N.E.  direction  of 
these  ridges  (which  are  well  represented  on  the  shaded  Ordnance 
Map)  not  only  points  to  Wasdalo  Crag  and  the  neighbourhood,  but 
across  a  series  of  notches  on  the  intervening  crest  of  Whinfelt 
lieacon  and  Groyrigg  Forest  (1544  and  1619  feet  above  the  sea). 
On  the  watershed  between  Kendal  and  Low  Gill,  many  of  the  ridges 
point  in  various  directions,  and  this  is  the  case  with  most  of  the 
ridges  in  the  neighbourhood  of  the  Eiver  Lune.  At  the  mouths  of 
liong  Sleddalo  and  Bannisdalc  (where  Shapfell  boulders  have  been 
found)  most,  though  not  all  of  the  ridges  point  approximately  N. 
and  S.     Over  a  considerable  area  S.E.  of  Kendal,  and  further  S. 

'  I  may  here  remark,  in  answer  to  Mr.  de  Ranee,  that  'while  in  Bownets  and  the 
neighbourhood,  I  ascertained  from  rarious  persona,  who  were  tboron^hlj  acanainted 
with  all  the  ins  and  outs  of  the  lake,  that  none  of  the  detritus  or  sraimcnt  orongbt 
in  by  the  Brathay  river  can  find  its  way  through  the  lake  to  the  lower  end,  and 
thence  to  the  sea ;  and  one  reason  assi?ned  was  that  the  currents  generated  by  wind, 
etc.  (which  often  reach  a  great  depth,  as  proved  by  net  sinking),  more  frcanentlj 
flow  from  the  S.  or  up  the  lake,  than  fi-om  the  N.  Lacustrine  deposits,  whien  hare 
all  resulted  from  the  action  of  fresh-water,  afford  the  only  true  measure  of  subaerial 
degradation  since  the  Glacial  period. 

*  I  never  saw  any  Shapfell  granite  farther  6  than  the  road  between  Yealand  and 
fiilverdalo.  Professor  Phillips  mentions  its  occurrence  in  a  canal  S.  of  Lancaster. 
Within  the  area  of  the  ^at  North-western  drift,  farther  south,  a  certain  kind  of 
Dalbeattie  (Criffell)  granite  might  be  easily  mistaken  for  Bhapfell. 
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ithorpe,  the  ridges  Are  wonder- 
llel,  and  point,  ns  already  etated, 
[t  is  certain  that  many  of  these 
ve  rocky  nuclei,  and  that  many 
r  these  nnolei  ran  in  the  above 
before  the  Drift  [wriod  is  pro- 
Q  ita  near  ooinoidence  nith  the 
8  of  Benaon  Knott  (1035  feet), 
Uyn  ridge  (1097  feet),  etc.    The 
rift-ridgeo  vary  in  height  from    | 
eet  ttear  Burton  Bail  way  Station  ' 
han   100  feet  near  Milnthorpe,  ^ 
e  area  where  their  parallel^m    ' 
efined  between  Farlton  Knott    < 
holme.     Ab  a  general  rule,  the  ^ 
;herly  ndges  consist  chiefly  of  ; 
lay,  which  (as  between  Oxen-   . 
1  Low  Gill)  reetB  oa  alternately  q 
.d    glaciated  rock-enrfaces,  but  ' 
■6  has  been  completed,  and  their    { 
Cition  given  by  an  addition  of  c 
nd    sand.      About    Ozenholme  f 
.  great  part,  if  not  the  wbole,  J 
f  tiie  ridges  is  made  up  of  strati-   | 
b1  and  sand,   and  tlua  reniArk  i 
ore  or  less  to  the  ridges  further  t 
The  gravel  in  many  instances  ^ 
"Ounded,   in  others   subangiilar.  ' 
Milnthorpe,  Burton,  and  Cam-  J 
lere   1  have  more  particularly  i 

them,  the  ridges,  so  &r  as  can  ' 
are  all   sand  and  gravel,  with    | 
to  beds  of  red  loam  or  loamy  ^ 
ave  been  osBui-ed  that,  near  Miln-  i 
e  ridgcB,  at  some  depth  beneath  i 
ie,  contain  a  great  thiokness  of  -, 
le  low  oblong  knolls  rising  out  ' 
ty  and  marshy  flat  stretching  W.  i 
cm  Burton  Station  are  of  the 
racter  as  those  which  rise  to  a  ' 
ight  in  the  neighbourhood.    The    ! 
x>und  these  knolls  were  probably 
pied  by  a  lake  which  ^adually 
lied  up  until  conditions  favour- 
lie  growth  of  peat  originated, 
noils  are  distinct  in  shape,  com- 
position, and    magnitude,  from 
lite  to  which  a  small  (or  even 

lake    could    ever  have  given 
are  evidently  a  low-lying  con> 
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.r...  ..x  ^r  ,  jf  (ho  sand  and  graTel  ridges  further  north,  and  the  Gan- 

■  V'  •  \  Atul  ji^vel  knolls  further  south. 

*  'K^   •\l^xv»  under  consideration  are,  generally  speaking,  not  lmeari§ 

.v.-><.  v^      In  the  same  line  an  oblong  hollow  is  snooeeded  by  an 

.>.t  .#^  v'tuiuencei  as  if  the  eminence  had  been  partly  formed  by  the 

«.Vv  ''isCioii  of  matter  from  the  hollow,  but  this  may  not  necessarily 

K«^v  Uvu  the  case.     Most  of  the  stones  and  boulders  as.  fioi  S.  as 

\  A4l.^ud  have  come  from  about  N.N.E.,  and  consist  chiefly  of  upper 

S^V.uLhii  grit  or  mudstone,  and  some  porphyry,  breccia,  and  dark 

vtntvuio  (from  near  Wasdale  Crag,  ?).     At  Camforth,  further  S.,  the 

xtvMiort  and  boulders  are  nearly  all  limestone,  which  likewise  pro- 

UiMy  Ciimo  approximately  from  the  N. 

Kn)ni  these  facts  it  may  be  inferred  that  the  ridges  may  possibly 
n^pivsent  three  periods — the  period  when  the  rocky  nuclei  were 
fv>nned  by  denudation — the  period  when  the  Boulder-clay  was  ar- 
ri'sted  by  these  nuclei — and  the  period  when  the  sand  and  gravel 
which  partly  or  entirely  compose  the  ridges  were  deposited.  How- 
over  this  may  be,  it  may,  I  think,  safely  be  asserted  that  the  preseni 
aspect  mid  paralleltam  of  the  rtdges  is  due  to  the  agency  which  de- 
posited the  sand  and  gravel,  or  to  marine  currents  with  or  without 
floating  ice  ;  and  this  view  of  their  formation  may  be  applied  to  the 
curved  parallel  ridges  which  ramify  like  a  fiEm  from  the  neighbour- 
hood of  Wasdale  Crag,  and  which  have  probably  been  finally  shaped 
by  the  current  that  distributed  the  granitic  boulders. 

Southerly  Extension  of  the  Great  N,  Western  Drift. — The  Wasdale 
( /rag  and  Caniforth  ^  drift-stream  would  appear  to  have  nearly,  if  not 
iiltoj^otlicr,  terminated  a  little  S.  of  Lancaster.  Some  distance  further 
S.  the  ground  was  monopolized  by  the  groat  drift  stream  from  the 
N.W.,  already  described.  This  stream  may  have  received  some 
slight  contributions  from  the  N.N.E.  stream.  Among  tho  boulders 
exhibited  in  Peel  Park,  Salford  (nearly  all  of  which  were  foimd  in 
the  neighbourhood),  I  detected  many  old  Cumberland  acquaintances. 
The  following  is  a  rough  estimate  of  the  relative  per-centage  of  the 
larger  boulders,  which  I  made  with  the  assistance  of  Mr.  Plant 
F.G.S. : — Felspathic  tr«^  running  into  porphyry  and  breccia,  50 ; 
Silurian  grit  (apparently  from  Fumess)  and  local  sandstone,  30; 
Eskdale  fell  granite,  19;  Criffell  granite,  1;=100.  To  the  east  of 
Manchester  I  have  seen  no  Criffell  granite.  At  Snape  Green  brick- 
yard, near  Southport,  tho  Criffell  seemed  to  preponderate  over  Esk- 
dale granite.  (For  further  remarks  on  the  southerly  extension  of  the 
north-western  drift  see  explanation  accompanying  the  Map,  p.  312.) 
General  BesuUs, — From  the  facts  stated  in  the  eight  articles  I  have 
written  on  the  Drifts  of  the  N.W.  of  England,*  I  think  it  may  be 

1  The  finest  sections  of  sand  and  gravel  I  have  yet  seen  are  at  the  Carnforth  Rail- 
way Station,  and  on  the  Canal  side.  At  the  latter  place  there  is  gravel  above  and 
below,  and  sand  in  the  middle.  At  the  village,  a  great  deposit  of  sand  contains 
enormous  limestone  boulders,  one  of  them  9^x94x5  feet.  In  addition  to  limestone, 
in  the  Camforth  drifts,  there  are  Silurian  grits  and  volcanic  rocks  from  about  N.N.£., 
and  Carboniferous  grits,  etc.,  from  the  N.B. 

>L.  Mao.,  Au^t,  October,  December,  1870,  and  February,  June,  and  July, 
^        :■  ^^  ^(]2ng  Geol.  Soc.,  1870;  Quart.  Journ.  Geol.  Soc.  toL  zxv. 
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inferred  that  land-ioe  may  have  planed,  smoothed,  polished,  and 
striated  rock-surfaces,  and  pushed  loose  debris  forward  to  the 
nearest  protected  situations,  but  that  rounded,  smoothed,  and  polished 
boulders  must  have  been  chiefly  shaped  by  floating-ice  and  sea- 
waves,^ — that  floating  or  ground  ice  glaciated  a  great  part  of  the  Lake- 
district;  that  the  four  drifts  were  deposited  by  the  sea  and  floating-ice, 
though  more  or  less  of  the  clay  and  loam  composing  them  may  have 
originated  as  subglacial  mud ;  that  the  blue  clay  was  accumulated 
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Fio.  9. — Map  of  the  Three  Great  Granitic  Disperrioiu  in  South  Britain. 

(Explanation  on  page  312.) 

under  a  comparatively  shallow  sea,  and  denuded  (if  not  upheaved 
and  again  depressed),  before  it  was  overlaid  by  the  pinel  or  Lower 
Brown  Boulder-day ;  that  the  middle  sand  and  gravel  were  ac- 
cumulated during  ^e  gradual  rise,  and  not  during  the  fall  of  the 
land,  as  Mr.  de  Banco  believes ;  that  the  Upper  Boulder-clay  of  the 

^  According  to  Forbes  no  actual  elacier  is  capable  of  smoothing  or  polishing 
boulders,  though  by  means  of  a  gritty  base  it  may  smooth  and  polish  rock-«m«A»^« 
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plains,  which  I  believe  to  be  equivalent  to  the  foxj-ooloored  loam  of 
the  mountains,  was  deposited  (in  many  places  on  the  extensively 
denuded  surface  of  the  middle  drift)  during  a  soooeeding  sub- 
mergence, the  vertical  extent  of  which  was  at  the  very  least  1300 
feet ;  that  after  the  land  again  rose,  glaciers  lingered  in  the  inner 
and  upjicr  valleys  and  cwms  of  the  Lake-districtv  bat  that  they  did 
not  rcuoh  a  great  length,  or  leave  many  extensive  moraines ;  that 
during  a  great  part  (though  not  the  whole)  of  the  Gladal  period  in 
the  Lake-district  and  W.  Yorkshire,  the  conditions  were  similar  to 
those  now  prevailing  in  nearly  the  same  latitude,  in  the  Baltic  Sea, 
and  in  the  Atlantic  off  the  coast  of  Labrador. 

^Inp  of  the  Three  Great  Granitic  DiRpcrnons  in  Routh  Britain. — G,  B,  8,  iheBoniteB 
of  the  Critfell,  Erikdale,  and  Shnpfell  (Waadale  Crag)  Dispertiuns.  The  left  hand 
tlnoly  (lottc'd  line  represents  the  po:«sibIc  western  boundary  of  the  Criffell  and  Eskdale 
drift*.  According  to  Cnrry,  the  Criflell  drift  extends  further  eostwardi  than  I  hive 
napped  it.  Acconlinc:  to  Buckland,  the  ShapfcU  drift  ramifies  (as  represented)  to 
the  neighbourhood  of  Durham.  Green  is  mj  authority  for  the  Shap  boolder  at 
Aoyston.  I  found  granite  near  Longridge  (a  few  miles  N.E.  of  Preston),  at  Roch- 
dale, the  upper  reservoir,  Swineshaw  valleT,  and  at  Stockport.  Many  bonlden  of 
gninite  have  oecn  found  by  Mr.  Sainter  at  Macclesfield.  Granite  has  found  its  way  to 
an  altitude  of  more  than  1 100  feet  on  Ilolcombe  Hill,  north  of  Manchester  (Mr.  Eccles). 
It  has  been  discovered  by  Dr.  Alexander  at  Mitholmroyd,  east  of  Todmorden,  and  hj 
Mr.  Green  in  the  Wyo  VallifV,  Derbyshire.  These  straggling  dispersiona  ara  not 
included  in  the  map.  Trimmer  has  found  stones  of  granite  decreasing  in  size  and 
numbers  from  Chester  to  Conway.  Ramsiiy  thinks  that  the  forei^  drift  of  Anglesey 
cnme  from  the  N.N.E.,  so  that  the  western  boundary  of  the  granitic  drift  in  the  nap 
may  not  represent  the  extreme  limit  of  the  dispersion.  1  have  traced  the  westera 
buundary  from  near  Pcntre  Halkin,  Flintshire,  to  Padeswood  Station,  near  Mold, 
and  a  snort  distance  to  the  west  of  Wrexham.  There  are  many  large  bonlden  of 
granite  at  Farndon,  eight  miles  south  of  Chester.  They  are  chie&y  Eskdale  granite. 
though  CriifcU  is  not  altogether  absent.  Five  out  of  six  of  them  ara  intenselv 
glaciated,  whereas  in  Eskdale  not  one  out  of  six  can  be  said  to  bo  well  glaciateo. 
Between  Wolverhampton  and  Bridgenorth  there  are  numerous  bonlden  and  angulir 
blocks  of  granite,  some  of  which  are  four  feet  in  average  diameter. 


V. — Descbiptiom   of   the   Recently  Discoyebed  Caykbms  at 

Stainton. 

By  Alan  Grant  Camkron,  Esq., 
of  H.  M.  Geological  Surrey  of  England  and  Wales. 

HAVING  formed  one  of  a  party  of  sixteen,  who  have  lately 
further  explored  the  recently  discovered  caverns  at  Stainton, 
notices  of  which  have  appeared  in  the  Times  and  other  joumaLB,  I 
wish  to  furnish  a  few  details  of  the  exploration,  which  may 
possibly  prove  interesting.  The  caverns  are  in  the  Carboniferous 
Limestone  formation,  and  situated  at  a  point  one  mile  and  a  quarter 
south-east  of  the  Dalton  station  of  the  Fumess  Railway,  Lancashire. 
The  rock  is  being  very  extensively  quarried  there,  and  the  entraaoe 
to  the  caverns  is  in  the  east  side  of  the  quarry,  about  the  250  contour 
line,  and  some  50feet  from  the  bottom  of  the  quarry.  It  is  said  to 
have  been  long  known  as  a  ''  fox-hole."  This  aperture  leads  into 
a  gallery  235  yards  in  length,  running  a  little  north  of  east,  and  at 
an  easy  slope.  Several  short,  blind  giEdleries  branch  off  from  either 
aide ;  one  rather  longer  gallexy,  however,  re-opening  into  the  miuii 
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one,  affcer  fonning  a  sharp  curve.  The  floor  of  the  latter  resembles 
in  most  places  the  bed  of  a  dry  mountain  torrent,  being  thickly 
strewn  with  water- worn  peebles  and  boulders.  Soft  yellow  clay 
occurs  frequently,  also  gravel ;  whilst  again  in  other  places  there 
is  a  pavement  of  hard,  dry  clay,  split  up  by  cracks  into  octagonal- 
shaped  masses.  Lying  on  this  pavement  were  a  few  small  bones, 
probably  a  badger's.  A  stalagmite  floor  has  once  covered  the  present 
one,  traces  of  which  are  to  be  seen  in  a  narrow  ledge  of  a  few  inches 
remaining  on  either  side.  In  this  gallery  are  also  Silurian  boulders, 
often  cemented  together  in  huge  masses.  A  few  of  these  boulders 
are  of  a  larger  size  than  to  have  allowed  of  their  entrance  through 
the  as  yet  only  known  inlet  to  the  place.  Ireleth,  distant  about  four 
miles  and  a  half,  is  the  nearest  point  at  which  the  rook,  of  which 
these  boulders  are  composed,  is  found  in  place. 

The  gallery  is  so  narrow  at  one  or  two  spots  as  to  admit  of  pro- 
gress being  made  only  by  lying  face  downwards,  and,  so  to  speak, 
wriggling  through.  At  these  very  narrow  points  a  notch  occurs, 
requiring  a  drop  of  five  or  six  feet,  when  the  passage  is  again  con- 
tinued at  the  lower  leveL  Boulders  and  fragments  of  rock  are 
often  met  with,  thrown  against  each  other  in  the  direst  oonfusion, 
as  if  impelled  along  by  a. very  strong  current,  and  suddenly  stopped. 
The  235  yard  gallery  terminates  at  the  brink  of  a  huge  cavity, 
similar  in  shape  to  a  swallow  hole,  but  possessing  a  dome-shaped 
roo€  The  distance  between  roof  and  bottom  might  be  100  feet 
The  walls  bear  indications  of  having  at  one  time  confined  a  large 
body  of  water,  which,  revolving  continuously  and  for  a  lengthened 
period  within  the  limits  of  the  cavity,  has  cut  its  way  into  the  rock, 
and  marked  its  course  by  circular  lines. 

Near  the  bottom  of  this  cavity,  and  lodged  against  its  sides,  and 
against  each  other,  are  two  large  masses  of  Limestone,  the  larger 
weighing  probably  twenty  tons.  They  have  no  support  but  that 
just  indicated,  and  contribute  not  a  little  to  the  danger  which  attends 
a  descent  into  the  cavern,  which  it  may  be  as  well  to  state  was 
efiected  in  the  present  instance  by  means  of  a  rope,  secured  at  the 
termination  of  the  gallery,  and  used  as  a  kind  of  railing  to  facilitate 
progress  down  the  clay-covered  precipitous  side  of  the  cavity. 

At  the  bottom  of  the  cavity  is  a  narrow  opening,  forming  a  shelv- 
ing wall  ten  feet  deep,  terminating  in  a  ledge,  at  the  brink  of  a 
second  cavity,  the  bottom  of  which,  thirty  feet  lower,  was  recushed 
by  ropes  in  a  manner  similar  to  the  first  descent.  From  the 
bottom  is  again  another  short  gallery,  opening  into  a  third  cavity  50 
feet  by  80  feet,  from  which  stiU  another  gallery  branches  off.  Here 
the  explorations  were  brought  to  a  close,  as  this  lowest  gaUery  was 
fonnd  to  be  blocked  by  a  mass  of  Drift  after  a  very  short  distance. 
A  stream  of  running  water  occurs  here,  as  also  a  seam  of  iron-ore. 
Stones  were  dropped  through  a  narrow  opening  in  the  Drift,  and 
were  heard  to  fail  into  apparently  deep  water. 

Though  the  district  of  Fumess  is  exceeding  ridi  in  both  natural 
and  artificial  beauties,  the  caverns  at  Stainton  must  claim  the  first 
place  in  natural  cariosities,  and  will,  before  long,  in  the  «^«a5u  ol  ^ 
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few  of  the  more  dangeroiis  and  diffionlt  obetaoles  to  invettigaton 
being  removed,  become  one  of  the  first  attractions  which  bring  to 
many  thousand  tourists  to  this  part  of  England  every  summer. 


YL — ^The  Bblation  of  thi  Bid  to  the  Nobwioh  Cbao. 

By  J,  E.  Tatloe,  Eaq. 

PERHAPS  no  question  in  English  Pliocene  geology  haa  caused  so 
much  inquiry  as  the  exact  relation  of  the  Bed  and  Norwidi 
Crags.  The  latter  term  I  prefer  as  more  palasontologically  correct 
than  the  older  one  of  **  Mammaliferous,"  and  it  is  now  becoming 
generally  used.  In  the  year  1865  I  divided  the  Norwich  Crag  into 
two  divisions,  an  Upper  and  a  Lower,  and  endeavoured  to  show  that 
the  latter  was  the  true  Fluvio-marine  Crag,  the  former  being  dis- 
tinguished by  its  purely  marine  character,  and  also  by  its  containing 
a  larger  per-centage  of  Northern  shells.  This  Upper  Crag  was  subse- 
quently termed  the  ''  Chillesford  Crag  "  by  Mr.  Searles  Wood,  and 
by  this  name  it  is  usually  known.  In  my  paper  above  mentioned 
my  puqioso  was  to  show  that  this  Upper  or  ''Chillesford  Crag** 
connected  the  latest  of  the  older  crags  with  the  lower  Drift-beds. 
The  Fluvio-marine  beds  were  formed  along  the  floor  of  an  estnazy, 
but  the  Upper  Crag  was  deposited  along  the  sea-bottom,  when  the 
same  area  had  been  depressed.  As  a  consequence,  this  Crag  had  a 
wider  and  more  extensive  geographical  development.  I  was  un- 
aware at  this  time  that  Mr.  Searles  Wood  was  working  at  the  same 
subject;  and  I  subsequently  found  that  he,  with  his  usual  indefettiga- 
bility,  had  arrived  at  u  similar  conclusion  respecting  the  Upper  bed 
of  Norwich  Crag. 

Tlio  marked  presence  of  increased  numbers  of  Arctic  shells  in  this 
stratum,  and  the  general  absence  of  fluviatile  and  land  shells,  enabled 
Eastern  Counties  geologists  soon  to  detect  its  actual  extension.  The 
shell -bed  which  had,  at  some  distance  from  Norwich,  always  gone 
by  the  name  of  "  Mammaliforous  Crag,"  was  in  reality  this  Upper 
bed.  In  this  way  it  was  recognized  at  Horsteod,  beyond  Norwich, 
and  as  far  south  as  Chillesford,  in  Suffolk.  A  simple  reference  to 
the  map  will  show  what  a  very  extensive  geographic^  area  is  main- 
tained by  this  important  stratum. 

Kccently  it  was  held  by  Mr.  Searles  Wood,  sen.,  that  the  Fluvio- 
marine  crag  of  Norwich  was  nothing  more  than  an  extension  of  the 
Ked  Crag,  and  of  the  same  age.  With  this  view  I  am  perfectly 
agreed.  The  diflSculty  had  long  been  felt  of  placing  the  Norwich 
Crag  in  a  stratigraphical  position.  So  recently  as  1868,  when  Mr. 
Prestwich  contributed  the  first  of  his  able  memoirs,  "  On  the 
Structure  of  the  Crag-beds  of  Norfolk  and  Suffolk,"  he  stoted  that 
the  distinction  between  the  Mammaliferous  (or  Norwich)  and  Red 
Crags  was  purely  palaeontological,  and  that  not  a  single  case  of 
superposition  had  been  discovered.  As  regards  the  true  Fluvio- 
marine  Crag,  tliis  is  still  the  case,  and,  on  Mr.  Searles  Wood's  theory 
of  its  being  an  extension  of  the  Bed  Crag,  is  just  what  we  should 
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expect.  At  the  same  time,  tbe  anomal;  has  puzzled  man;  geologistd 
of  the  so-called  Notwiob,  and  ni$-ealled  "  MammaliferoaB"-Crag, 
having  snob  an  eitensioD  even  in  Bed  Crag  districtB.  Only  recently, 
in  a  paper  read  before  the  G^eologists'  ABsooiation,  and  publiahed  ia 
tlie  Gkol.  Mao.  for  June  last,  No.  84,  p.  256,  the  Messrs.  Bell, 
who  have  worked  the  organic  remains  of  these  beds  in  an  admirable 
manner,  stated  that,  from  palseontolt^cal  and  other  evidence,  they 
oonclnded  that  the  npper  portions  of  the  Bed  Crag  ought  to  be 
OBSOoiated  with  the  "Mammaliferoas"  Gntg.  A  little  ambiguity 
arises  here  from  not  distii^^Bhing  the  bipartite  division  of  the 
"  Hammaliferous"  or  Norwich  Crag. 

A,  few  weeks  ago,  whilst  on  a  visit  to  my  friend  Mr.  Packard,  of 
Ipswich,  I  had  the  opportunity  of  going  over  the  "debatable" 
ground  once  more,  and  of  adding  to  my  notes  on  this  important  sub- 
ject The  result  has  been  that  I  liave  arrived  at  a  oonolasion  which, 
to  me,  seems  the  only  one  which  can  finally  settle  this  controverted 
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In  the  fnmoos  section  in  the  stackyard  at  Clullesford,  as  well  as 
in  other  pita  in  the  noighbonrhood,  notably  one  at  the  "Neutral 
Farm"  at  Butley,  the  lower  beds  seem  to  be  composed  of  Bed  and 
Norwich  Crag  shells  almost  equally.  The  Butley  seotion  is  about 
twenty  feet  high,  and  displays  this  peonliarity  even  more  than  at 
ChUleeford.  The  tower  portion  of  the  Crag  hero  is  seen  to  be  very 
neatly  comminuted,  and  deposited  in  strong  lines  of  false  bedding. 
Both  these  facts  indicate  sliallowish  water  action.  The  same  pheno- 
menon is  visible  in  the  lower  portions  of  the  section  at  Chillcsford, 
and  elsewhere.  At  all  the  sections  in  this  neighbourhood  we  find 
the  strata  becoming  more  regularly  deposited  towards  the  top,  and 
freer  from  signs  of  current  action.  Not  only  so,  but  in  these  beds 
we  have  a  marked  ahtmce  of  Bed  Crag  shells,  and  a  thorough  Upper 
Norwich,  or  "  Chillesford"  facies. 

Mr.  Freetwich  and  other  writers  have  drawn  attention  to  the  fact 
that  the  greater  port  of  the  Coralline  Crag  was  groimd  np  and  re- 
deposited  during  the  subsequent  Red  Crag  period.  In  like  manner, 
I  fully  believe  Uiat  when  the  submergenoe  took  place  w\i\iiVi\jTO>i^EA. 
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the  sea  over  the  previous  site  of  the  Fluvio-marine  Crag,  as  well  iib 
over  the  Bed  Crag,  the  latter  was  also  taken  up  and  re-deposited. 
This  accounts  for  the  extreme  comminution  of  the  shells  in  the 
lower  parts  of  the  sections  above  mentioned,  and  also  for  the  strong 
evidences  of  false  current  bedding.  Only  the  stronger  shells,  suci 
as  Pectunctdus  glyeimeria,  Fmus  contrariuBy  etc.,  could  survive  this 
wear  and  tear,  and  these  are  the  common  Bed  Crag  shells  met  with. 
At  the  same  time  they  are  associated  with  undoubtedly  Norwich 
Crag  forms,  such  as  Mya  truncaia,  M,  arenaria,  TdUfM  ohliquat 
T.  pretenuis,  Buccinum  undatum,  Purpura  lapiUua,  lAttorina  Utiorea, 
etc.  These  lived  in  the  sea  where  the  Red  Crag  was  being  re- 
deposited,  and  their  remains  thus  became  admixed  with  those  of  a 
former  period.  Many  of  the  shells  last  mentioned  are  more  or  less 
fragile,  and  show  that  they  could  not  have  been  subjected  to  the 
same  violence  as  their  previously  deposited  associates.  Of  ooutm 
the  greatest  amount  of  re-deposition  would  be  seen  in  the  lower 
beds,  and  the  least  in  the  upper,  which  is  exactly  the  case  inall 
these  sections. 

In  conclusion,  it  seems  to  me  clear  that  the  old  "  Mammaliferous," 
or  Norwich  Fluvio-marine  Crag,  was  a  north-easterly  extension  of  the 
Red  Crag.  When  the  depression  of  the  area  took  place,  there  was 
formed  along  it  the  Upper  Norwich  or  "  Chillesford "  Crag.  Be- 
tween this  and  the  Fluvio-marine  beds,  strata  of  sand  were  thrown 
down  and  intercalated.  But  in  Suffolk,  where  the  Red  Crag  reached 
such  an  enormous  thickness,  its  upper  portions  were  taken  up  and 
re-deposited  in  false  current  bedded  layers,  where  the  stronger  fossils 
became  mixed  with  the  shells  of  the  later  period.  Hence  in  such 
areas  this  comminuted  Red  Crag,  whose  Norwich  Crag  forms  have 
given  such  trouble,  is  really  the  work  of  the  sea  where  the  Chilles- 
ford  beds  were  accumulated.  At  Sudboume  Church  walks  we  find 
this  Upper  Crag  reposing  on  the  Coi*alline  Crag,  and  the  same 
phenomenon  is  visible  in  the  railway  cuttings  near  Aldborough 
Station,  where  it  rests  in  a  denuded  hollow  of  Coralline  Crag.  I 
submit  these  views  to  Crag  geologists,  with  the  hope  that  they  may 
assist  in  interpreting  a  perplexing  phenomenon.  If  they  are  correct, 
then  we  have,  in  the  Elastem  Counties,  a  perfectly  marked  and 
unbroken  sequence  from  the  Coralline  Crag  up  to  the  latest  Drift 
deposit 

I. — On  tub  Flotation  op  Sand  by  thb  Rising  Tide  in  a  Tidal 

ESTUAKT. 

By  Professor  Hennebsy,  F.R.S.,  Vice-President  of  the  Academy. 
(Read  before  the  Royal  Irish  Academy,  April  10,  1871.) 

DURING  the  course  of  a  tour  along  our  western  coast,  in  the 
summer  of  1868,  the  following  incident  came  under  my  notice ; 
and,  although  I  made  a  note  of  the  facts  at  the  time,  I  have  never 
hitherto  made  them  the  subject  of  a  scientific  communication  : — 
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On  July  26,  when  approaching  the  strand  at  the  river  below  the 
viUage  of  Newport,  County  Mayo,  I  noticed  what  appeared  to  be 
extensive  streaks  of  scum  floating  on  the  surface  of  the  water.  As 
it  was  my  intention  to  bathe,  I  was  somewhat  dissatisfied  with  the 
appearance  of  the  water,  until  I  stood  on  the  edge  of  the  strand,  and 
I  then  perceived  that  what  was  apparently  scum,  seen  from  a  dis- 
tance, consisted  of  innumerable  particles  of  sand,  flat  flakes  of  broken 
shells,  and  the  other  small  debris  which  formed  the  surface  of  the 
gently-sloping  shore  of  the  river.  The  sand  varied  from  the  smallest 
size  visible  to  the  eye  up  to  little  pebbles,  nearly  as  broad  and  a  little 
thicker  than  a  fourpenny  piece.  Hundreds  of  such  little  pebbles 
were  afloat  aroimd  me,  and  it  is  probable  that  the  flakes  of  floating 
matter  seen  feuiiher  off  contained  also  a  considerable  proportion.  The 
air  during  the  whole  morning  was  perfectly  calm,  and  the  sky  cloud- 
less, so  that,  although  it  was  only  half-past  nine,  the  sun  had  been 
shining  brightly  for  some  hours  on  the  exposed  beach.  The  upper 
surface  of  each  of  the  little  pebbles  was  perfectly  dry,  and  the  groups 
which  they  formed  were  slightly  depressed  in  curved  hollows  of  the 
liquid. 

The  tide  was  rapidly  rising,  and,  owing  to  the  narrowness  of  the 
channel  at  the  point  where  I  made  my  observations,  the  sheets  of 
floating  sand  were  swiftly  drifting  farther  up  the  river  into  brackish 
and  fresh  water.  On  closely  watching  the  rising  tide  at  the  edge. of 
the  strand,  I  noticed  that  the  particles  of  sand,  shells,  and  small  flat 
pebbles,  which  had  become  perfectly  dry  and  sensibly  warm  under 
the  rays  of  the  sun,  were  gently  uplifted  by  the  cakn,  steadily-risLng 
water,  and  then  floated  as  readily  as  chips  or  straws.  I  collected  a 
few  specimens  of  these  little  objects,  but  I  regret  that  they  have  been 
since  mislaid.  This  phenomenon,  it  is  scarcely  necessary  to  say,  is 
due  to  molecular  action,  such  as  accompanies  the  familiar  experiment 
of  floating  needles  on  the  surface  of  a  basin  of  water.  Although  the 
specific  gravity  of  the  floating  objects  exceeds  that  of  the  fluid  on 
which  they  rest,  the  principle  of  Archimedes  still  holds  good,  because 
the  displacement  of  liquid  produced  by  the  body  is  considerably 
greater  than  the  volume  of  the  body  itself.  In  the  case  of  a  floating 
needle,  the  repulsion  of  the  liquid  from  the  polished  surface  of  the 
metal  presents  a  groove,  whose  magnitude  is  obviously  many  times 
greater  than  the  needle ;  but  in  the  case  of  the  floating  pebbles  this 
was  not  so  manifest.  The  specific  gravity  of  needles  made  of  fine 
hard  steel  ma}'  be  taken  at  7*9  nearly,  while  that  of  the  little  pebbles 
scarcely  exceeds  2*6,  so  that  other  things  being  equal,  the  latter 
would  require  one-third  of  the  displacement  required  by  the  former 
for  perfect  flotation.  But,  moreover,  the  small  pebbles  which  I 
saw  floating  were  always  flat  and  thin,  and  rested  with  their  broadest 
surface  on  the  water.  The  attraction  of  the  molecules  of  water  for 
one  another  produces,  as  is  well  established,  .a  tension  at  the  surface 
of  the  liquid,  which,  although  extremely  feeble,  and  generally  noticed 
only  in  connexion  with  capillary  phenomena,  yet  interposes  some 
resistance  to  the  intrusion  of  foreign  substances.  This  is  seen  in  the 
experiment  of  floating  broad  spangles  or  sheets  of  drj  ^qV^-\<^  qtil  % 
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vessel  of  water.  When  a  piece  of  gold-leaf  is  held  edgeways  it 
sinks,  and  it  also  sinks  if  wetted.  In  fluids  more  viscid  than  water, 
such  as  lava  or  melted  metals,  flat  pieces  of  the  stone  or  solid  metal 
are  known  to  swim  on  their  hroad  surfaces,  while  they  sink  when 
turned  on  their  edges.  I  have  recently  made  a  few  experiments  on 
the  flotation  in  water  of  small  bodies  of  greater  density  than  the 
liquid,  and  I  find  that  needles  have  remained  for  days  together 
floating.  I  have  also  easily  floated  sand,  flat  pieces  of  shells, 
and  small  pebbles  for  several  days,  and  whenever  they  sank,  it 
was  due  to  some  disturbance  of  the  liquid  sufficient  to  produce  a 
wave  on  its  surface.  Mr.  Alphonse  Qages  placed  twenty-four  needles 
on  the  surface  of  a  large  baisin  of  water,  and  after  a  few  hours  they 
were  found  grouped  in  parallel  parcels,  varying  in  their  contents 
from  two  to  seven  needles.  They  continued  to  float  for  more  than 
five  da^'s,  and  their  sinking  was  evidently  due  to  the  progress  of 
oxidation,  which  destroyed  their  polish,  together  with  their  repulsive 
action  on  the  liquid.  I  have  floated  small  flat  pebbles,  similar  in 
size  and  appearance  to  the  largest  of  those  observed  floating  on 
Newport  river,  for  more  than  six  days,  while  fragments  of  aheUs, 
and  thin  pieces  of  slate  as  broad  as  a  sixpenny  piece,  have  continued 
to  float  much  longer.  These  little  bodies  occasionally  sank  from  the 
gradual  absorption  of  water,  but  much  more  frequently  from  some 
accidental  motion  of  the  vessel  containing  the  liquid. 

It  is  manifest  that  the  flotation  of  sand  in  a  tidal  estuary,  as  in 
the  instance  I  have  seen,  can  occur  only  under  favourable  conditions. 
The  fihoroB  must  be  very  gently  inclined,  the  air  perfectly  calm,  and 
the  weather  dry  and  warm.  Under  these  circumstances  thin  cakes  or 
sheets  of  sand  may  not  only  l>e  uplifted  by  the  water,  but  if  the  tide 
flows  rapidly  they  may  continue  afloat  suflicientlj'  long  to  allow  many 
of  them  to  be  drifted  far  from  their  original  place  up  to  the  higher 
limit  of  the  brackish  water.  In  this  way  fragments  of  marine  shells 
and  exuvia?  might  become  mingled  with  those  belonging  to  fresh 
water.  The  conditions  favourable  for  sand  flotation  must  exist 
during  calm  weather  in  a  very  high  degree  of  perfection  on  the 
sandy  shores  of  tidal  rivers  in  tropical  and  subtropical  districts  of 
the  earfli.  As  this  phenomenon  can  take  place  only  with  the  rising 
tide,  and  never  with  the  falling  tide,  the  result  must  generally  be 
favouiii])le  to  the  transport  of  sand  and  marine  debris  in  the  direction 
of  the  flow  of  flood  tide  ;  and  this  may  soinetimes  hold  good  along  a 
coast  as  well  as  on  the  shores  of  a  tidal  estuary.  Geologists,  as  far 
as  I  am  aware,  have  not  hitherto  noticed  this  phenomenon  in  con- 
nexion with  the  foiTuation  of  stratified  deposits  by  the  agt^ncy  of 
tides  and  rivers,  although  they  have  paid  great  attention  to  the  in- 
fluence of  the  molecular  resistance  of  water  to  the  sinking  of  very 
minute  solid  substances,  with  the  view  of  explaining  the  wide  sur- 
face over  which  matter  held  in  suspension  by  water  may  be  spread 
when  ultimately  dei>osited  over  the  sea-bottom.* 

*  Since  tliis  paper  wns  written,  I  have  been  informed  by  a  lady,  that  she  observed 
similar  plunomena  durini;  »  fttrmer  summer,  ch'sc  to  the  sandy  seashore  at  Youghal; 
and  Dr.  K.  Percival  Wrip;ht  has  stated  that  ho  has  witnessed'  the  realization  of  tht 

ult«  which  ore  alluded  to  as  likely  to  occur  within  the  tropics. 
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n. — Gkologioal  Stjbyey  of  Ibeland. 

1.  Explanatory  Memoir  to  acoompanj  Sheets  104  and  113,  with 

the  adjoining  portions  of  Sheets  103  and  122  (Eilkieran  and 
Aran  Sheets).  By  G.  H.  Eimahan,  M.B.LA.,  B.  Leonard, 
M.R.I.A.,  and  R.  J.  Cbuisb,  M.B.I.A.  8vo.  Dublin,  1871. 
pp.  92. 

2.  Explanatory   Memoir  to    accompany    Sheets  86,   87,   88,   and 

Eastern  part  of  85.  By  G.  H.  Einahan,  M.B.LA.,  and  B.  G. 
Symbs,  F.G.S.  ;  with  Paladontological  Notes  by  W.  H.  Baily, 
F.L.S.,  F.G.S.     8vo.    Dublin,  1871.    pp.  63. 

rBj  first  Memoir  is  taken  up  with  a  description  of  the  Aran 
Islands,  and  portions  of  the  mainland  of  Gkdway  contained  in 
the  maps  enumerated.  The  mainland,  which  possesses  no  town,  is 
intersected  by  numerous  chains  of  lakes,  bays,  and  creeks.  The 
land  is  low,  aYeraging  from  200  to  500  feet  in  eleYation.  From  the 
north-east  shores  of  the  Aran  Islands  the  land  rises  in  a  series  of 
difEis  or  huge  steps,  which  form  continuous  terraces;  while  from  the 
summit  of  Inishmore,  one  of  the  islands,  there  is  a  gradual  fall 
south-westward,  ending  at  the  sea-board,  in  difiOi  now  being  formed 
by  the  Atlantic  Ocean. 

The  formations  met  with  include : — Bog  and  AlluYium,  Glacial 
Deposits,  Carboniferous  Limestone,  Granitic  and  Igneous  Bocks. 
The  Granites  are  of  two  classes,  the  intrusiYc,  and  those  of  ap- 
parently metamorphic  origin. 

The  lithological  character  of  these  rocks  is  treated  of  at  length ; 
the  authors  then  pass  on  to  the  relations  between  the  form  of  the 
ground  and  its  internal  structure.  The  Aran  Islands  are  composed 
of  limestones,  with  thin  shales  and  clay  interstratified,  and  to  the 
effects  of  denudation  on  them  is  due  the  terraced-form  thcY  now 
possess.  In  the  metamorphic  rock  country  are  peaks  and  knolls 
composed  of  hornblende  rock.  The  action  of  ice  is  Yery  con- 
spicuous in  this  district ;  a  table  of  supposed  ice  strisB  is  giYen. 

For  conYcnience  of  description  the  area  is  dlYided  into  fiYC  sub- 
districts,  and  these  are  described  in  detail. 

Of  the  drifts,  there  is  a  local  boulder  or  moraine  drift,  consisting 
of  a  sandy  or  clayey  mass,  full  of  small  and  large  fragments  of 
local  rock,  often  seYeral  tons  in  weight 

The  Bogs  are  of  two  kinds,  the  low-lying,  flat,  or  peat  bogs, 
which  are  often  of  considerable  depth,  and  the  mountain  bogs  that 
frequently  grow  on  steep  slopes. 

Some  of  the  low  bogs  are  most  deceptive,  being  seemingly  a  solid 
surface,  but  having  water  or  mud  underneath;  and,  as  they  are 
clothed  with  vegetation  in  the  spring,  they  are  very  dangerous  to 
cattle.  At  this  season,  when  grass  is  scarce,  the  cattle,  and  especially 
horses,  are  tempted  to  venture  on  them,  when  they  go  down  bodily, 
and  often  only  the  heads  of  the  horses  remain  uncovered.  The 
authors  think  in  this  way  to  account  for  the  skeletons  of  the  Mega- 
eeroa  Ribernicua  being  so  frequently  found  in  small  isolated  bo^^ 
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and  also  for  the  fact  of  tlieir  skulls  being  found  separate  from  ^ 
remainder  of  the  skeleton. 

Tlicre  are  some  Notes  on  Mines  and  Mineral  Looa]itie%  in  idiidi 
are  noticed  the  spots  where  mining  operations  have  taken  place,  and 
also  the  localities  where  lead,  copper,  and  sulphur  have  bean  found 

2. — Tlie  second  Memoir  is  occupied  in  the  description  of  parti  of 
the  counties  of  Gal  way,  Mayo,  Hosoommon,  and  Longford,  situated 
between  the  towns  of  BalUnrobe  and  Longford.  The  countzy  ii 
gently  undulating,  with  a  good  deal  of  bog  on  the  east  and  west, 
and  for  the  most  part  with  bare  crags  in  the  centre.  The  outline  of 
the  eastern  shore  of  Lough  Mask  (a  part  only  of  which  is  oontained 
in  the  maps  now  described)  presents  a  remarkable  contrast  to  that 
of  its  western  shore.  For  while  the  latter  maintains  a  nearly  eyen 
line,  the  eastern  shore  is  indented  by  numerous  bays  and  inlets, 
ranging  in  a  N.N.E.  direction,  and  running  far  into  the  heart  of  the 
limestone  country,  where  they  spread  out  into  wide  but  shallow 
loughs.  The  general  direction  of  these  arms  is  shown  to  be  paraUel 
to  tlie  glacial  striations  of  the  district 

The  formations  represented  are  Alluvium,  Peat  Bog,  eta ;  Drift 
Gravel,  Clay,  and  Boulders ;  Carboniferous  Limestone,  and  Yellow- 
ish Grits  and  Conglomerates  ;  Lower  Silurian  Rooks ;  and  Felstone. 

Tlio  Lower  Silurian  rocks,  which  consist  of  grits  and  slates,  have 
yielde<l  no  fossils,  but  in  all  probability  they  are  on  the  same  geo- 
logical horizon  with  the  Silurian  rocks  of  Cavan,  Monaghan,  and 
Armagh,  llie  Yellowish  Grits  and  Conglomerates  rest  on  the 
denuded  edges  of  the  Lower  Silurian  beds,  and  in  places  they  are 
seen  to  pass  up  into  the  Carboniferous  Limestone.  They  are  re- 
garded >>y  Mr.  Symes  as  of  Carboniferous  age,  an  opinion  in  which 
Profofisor  Hull  concurs.  Mr.  Riily  furnishes  a  list  of  fossils  from 
the  Carboniferous  rocks  of  the  area. 

Separating  the  area  into  districts,  the  authors  give  a  detailed 
description  of  each. 

Three-fourths  of  it  is  covered  with  a  thick  mantle  of  Drift,  which 
is  divisible  into  Boulder-clay  and  fiskers.  The  Boulder-clay  is  for 
the  most  part  of  local  origin. 

The  tortuous  ridges  of  gravel  called  Eskers  are  composed  of  sand, 
gravel,  and  large  boulders,  running  generally  in  a  north-east  and 
south-west  direction.     Tables  of  supposed  ice  striae  are  given. 


IIL — Pboobedinos  of  the  Bristol  Naturalists'  Society. 

Vol.  6.     1870. 

FOMINENCE  has  been  given  to  Geology  in  the  papers  read 
before  the  Bristol  Naturalists'  Society  during  the  year  1870, 
and  which  are  published  in  this  the  fifth  volume  of  their  Pro- 
ceedings.    Tlieso  papers  include  the  following : — 

1.  Temperature  and  Life  in  the  Deep  Sea,  being  some  Account  of 
the  Deep-Sea  Dredging  Expedition  in  H.M.S.  Porcupine,  in  the 
^^pmier  of  1869.     By  W.  L.  Carpenter,  B.Sc,  B.A. 
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2.  On  some  Evidence  in  fayour  of  Subsidence  in  the  South-west 
Counties  of  England  during  the  Eeoent  Period.  By  E.  S.  Claypole, 
B.Sc.,  B.A. — ^Beferring  to  the  peat-beds  that  exist  in  many  places  on 
our  south-western  coast,  and  particularly  to  those  around  Comwally 
Mr.  Claypole  pointed  out  their  general  arrangement  as  exemplified 
at  Gyllyngvaes,  Falmouth.  Here  the  peat-bed  overlies  a  very  tena- 
cious clay,  and  is  covered  by  the  ordmary  shingle  of  the  coast  to 
such  an  extent  that  only  at  very  low  water  is  it  exposed  to  view. 
Speaking  of  the  plant  remains  of  these  peat-beds,  he  sees  no  ground 
for  assuming  that  any  of  them  belong  to  species  even  locally  extinct. 
Their  present  position  seems  to  him  to  indicate  a  subsidence  of  at 
least  &  feet,  for  they  could  hardly  have  been  formed  at  a  lower 
level  than  20  feet  above  high- water  mark.  He  considers  the  raised 
beaches  to  be  of  earlier  date  than  the  peat-beds,  and  that  there  is  no 
evidence  of  upheaval  since  the  growth  of  this  v^netation. 

S.  The  Quaternary  Deposits  of  the  Bristol  Neighbourhood.  By 
W.  W.  Stoddart,  F.G.S.,  F.C.S.— The  area  to  which  Mr.  Stoddart's 
remarks  apply  extends  from  Portishead  and  FcJfield  on  the  north, 
to  Glastonbury  and  Bruton  on  the  south.  Its  physical  geography 
dniing  the  Quaternary  period  is  shown  on  a  small  map  accompanying 
the  paper.  During  the  Glacial  period  Mr.  Stoddart  thinks  that  the 
waters  of  what  is  now  the  Bristol  Channel  most  likely  reached  the 
foot  of  the  Mendip  and  Cotteswold  Hills,  and  washed  the  sides  of 
the  innumerable  islands  that  appeared  above  the  waves,  such  as 
Glastonbury  Tor,  Dundry,  Ashton,  Clifton,  etc.,  which  then  were 
completely  isolated  from  the  mainland.  He  then  points  out  some  of 
the  subsequent  changes,  and  the  animals  which  flourished  at  the 
time,  and  are  now  found  fossil  in  the  caves.  These  caverns  or 
fissures  are  considered  by  Mr.  Stoddart  as  owing  their  origin  to 
convulsions,  when  a  ''  great  volcanic  outburst "  formed  the  magnifi- 
cent gorges  of  Clifton  and  Cheddar  I 

4  On  the  I^eous  Bocks  of  Shropshire.  By  W.  W.  Stoddart, 
F.G.S.,  eta 

5.  On  Denudation.  By  C.  F.  Eavis. — ^The  author  pointed  out 
some  of  the  general  efiects  of  denudation  in  Somersetshire. 

6.  On  the  Structure  of  Eubies,  Sapphires,  Diamonds,  and  some 
other  Minerals.  By  H.  C.  Sorby,  F.E.S.,  and  P.  J.  Butler.  (From 
the  Proceedings  of  the  Eoyal  Society,  1869.) 

7.  Notes  on  the  Geology  of  Weymouth.  By  W.  W.  Stoddart, 
F.G.S.,  etc. 

8.  On  Fossil  Fish.  By  W.  Sanders,  F.E.S.,  F.G.S.— This  was  a 
continuation  of  the  subject;  the  author  described  the  characters  of  the 
Ghtnoid  division  of  Fishes. 
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ThX   GEOLOaT  OT  PBU88XAir-SlL18rA.* 

THIS  valuable  work  was  prepared  and  pabliihed  by  direction  of  the  Gofmmeil 
of  Prussia,  who  alao  appointed  1)r.  Roemer,  Irofeoor  at  the  Univenitj  of 
Breslao,  as  Superintendent  of  the  Qeolorieal  Surrey  of  the  ProTinoe  of  Silena,  w 
important  as  regard*  its  mineral  wealth.  Dr.  Roemer  has  shown  himself  edaiinlily 
fitted  for  this  Usk  by  completing,  daring  the  yeaza  186a-6d,  a  goolo^fied  asp 
(scale  i^H^^ooo)*  ^<)  ^^^<^^  ^^  \twi\^  with  its  nomerona  plates  of  foanls^  lectioiiSi  elc^ 
etc.,  forms  the  key. 

The  author  commences  with  the  crystalline  roeka,  which  appear  only  M  a  isaD 
tone  at  the  western  part  of  the  seetion  at  LeobsohQti,  aa  OmiUt  Mum-tMwU,  nd 
Orauite, 

Gneiu  occurs  as  a  small  sone  between  Wurbenthal  and  Znckmaatel  and  Neissi, 
where  it  underlies  Lower  Deronian  strata.  Quartz-reefr,  with  insignificant  indioa- 
tions  of  Copper-pyrites  and  Pecherr,  also  Malachite,  and  earthy  Knprerlaior. 

MicU'BehiMta  are  limited  to  one  locality  near  Ziegenhals. 

Graniu  appean  in  dykes  in  a  few  localitiea,  where  it  has  butt  throogh  IGfla- 
schists  (as  at  Freiwaldiiu  and  Niklasdozf ),  or  through  Gneiss  (as  «t  Deatschvetts 
and  Ludwigsthal). 

Sedimentary  Soeke. — ^I.  Paijbozoio  Group. 


A.   Deronian  formation  on  the  EatUm  dopee  of  the  eryetaUim  AU\ 

1.  WiirbfHthal  Qnartzite  and  ClaylaU  {Lower  J)effomaH)  are  chnraoteriied  by 
white  quartzite  and  black  day-slate,  the  latter  with  beds  of  crystalline  limastone. 
The  stnita  are  raised  up  and  much  disturbed,  striking  from  8.  to  N.,  and  are  OTer- 
lain  bv  '*  En^clsborg  bods.'*  They  form  a  mountainous  country,  attaining  heights  of 
3000  feet,  and  with  deeply  eroded  valleys.  In  the  map  it  is  represented  by  a  nanov 
zone  between  Xeu-Vogulseifen  and  Ziegenhals,  from  whence  it  passes  into  Austrian- 
Silesia. 

Eruptire  Bockt. — Dioritc  and  Diorite-schists  arc  principally  found  within  the 
Mic:i-schist8.  nnd  occur  only  in  one  locality,  at  the  Querberg  in  Quartzite.  They 
form  innny  of  the  highest  points  in  the  Lower  DoYonian  formation;  for  instance,  near 
Wicdergriin,  C:irl>brunn,  Kngclsberg,  etc.,  etc.,  in  a  N.  and  S.  direction. 

O/TA.  — GoUl-bfarin^  pyrites  (irun  and  copper)  occur  not  far  from  Zuckmantel 
in  Au!>triiui-SiU.-sia.  Small  crystals  of  these  pyrites  occur  in  the  Quartzites  and  day- 
slates,  partly  in  true  veins,  partlv  only  as  traces  diffused  through  the  rock.  At  soTne 
plices  gold  Occurs  in  zinc-blen(fc.  Besides  gold,  magnetic-iron-ore,  galena  in  con- 
ncxii>n  with  zinc-blende,  copper-pyrites,  iron-pyrites  are  also  found.  Hematite  it 
likewise  worked  to  a  great  tixtent,  out  not  in  the'  Prussian  portion  of  Silesia.  Other 
minerulH,  as  Cynnite.  Staurolite,  Garnet,  Faserquortz,  are  obtained  from  the  Lower 
Devonian  Quartzites. 

Near  WUrhenthal,  in  Austrian- Silesia,  from  whence  the  stratum  was  named,  fbanlt 
were  found  in  the  white  Quartzite,  in  all  twelve  species  (p.  14),  of  which  three 
(the  only  detcrminabl(>  ones)  agree  with  species  from  the  Lower  Devonian  formation 
near  Coblenz-on-the- Rhine. 

These  beds  must  rest  upon  crystalline  rocks,  as  Silurian  strata  are  entirely  wanting 
in  Silesia. 

2.  Eugehfterg  Granwaeke  rests  upon  the  former  bed,  and  consists  of  Grauwacke  and 
Clay-slat (!,  striking  from  X.  to  S.,  and  dipping  E.  In  the  sandstone  and  slata 
cleavage  can  frequently  be  observed.  It  covers  an  area  of  192  English  square  mQes 
in  Austrian- Silesia  and  Moravia.  A  few  traces  of  fossils  (p.  20)  were  found  near 
Engelsberg.     This  system  is  overlain  by 

3.  The  Jff/imt^r/t  Ms,  consisting  of  grey  sandstone,  clay-slate,  and  quartz-conglo- 
merate, with  amygdaloid  diabase  and  subordinate  occurrences  of  limestone  and  iron- 

I  Ooolopin  von  Obrrf'chlcsicn.    Ein  Erlautcrunpr  zu  der  im  Auflrafre  dc-s  konirf.  Preuss. 
Haiulels  MinisUTiums  von  clem  Verfasner  benrbeitcten  Oe«lo(riw;heu  Kartc  von  Oborschleaien  in 
12  Sektionen.  etc.,  etc.    Von  Dr.  Ferd.  Koemtr.    Bi-e»lau,  1870.    Royal  8vo.,  pp.   5dr.    Hit 
t^tUs  Taf.  &U,  kartcn  und  profile. 
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ores.  It  oecurs  near  Benaiieh,  eastwards  of  Frendenthal.  Judging  by  the  tweWe 
species  of  fossils  (p.  29),  some  of  which  occur  also  in  Westphalia,  and  also  from  the 
stratigraphioal  position  of  these  beds,  it  seems  probable  that  they  are  equivalent  to 
the  Upper  Deyonian  formation  in  Western  Germany. 

B.  the  IkwmUm  Formation  W$ii  of  the  JwrauU  HiU$  m  Poland  forma  small 
isolated  cliffs  in  the  surrounding  Mns<melkalk,  but  it  is  easily  identified  with  the 
Deyonian  rodks  of  the  Eifel  in  Western  Germany,  by  a  large  number  of  well- 
preserred  fossils  (see  pages  33  and  37). 

G.  Oarbomfmnu  Armation. — A.  Lower  group. 

Mm, — This  consists  mostly  o(  mj  sandstone  and  day-slate  of  a  thickness  of 
sfliTeral  thousand  feet.  Its  strike  is  m>m  N.  to  S.,  it  dips  Eek ;  the  strata  stand  nearly 
▼•rtioal,  resting  conformably  on  the  Deyonian  Formation. 

It  forms  to  the  east  and  south  of  the  crystalline  Altyater,  a  hiUy  country,  the 
Kiedere  Gesenke,  of  about  800  square  miles  in  extent  The  end  of  the  Devoniitn  and 
the  beginning  of  the  Culm  formation  is  very  difficult  to  determine,  as  the  lithological 
character  of  the  two  is  yery  persistent,  namely,  an  alternating  succession  of  Grauwacke 
and  Clay-slatea.    A  long  fist  of  fossils  (page  54,  ot  oeq,)  follows. 

A  comparison  of  the  Culm  strata  of  Upper  Silesia  with  that  of  other  countries 
shows  its  great  resemblance  to  the  Culm  formation  of  the  Upper  Harz.  In  both 
districts  sandstones  and  Ctay-slates  form  the  bulk  of  tiie  formation,  and  land-plants 
and  maiine  animals  oeour  in  association.  Boemer  eomes  to  the  conclusion  that  the 
Culm  beds  of  Upper  Silesia  were  not  only  synchronous  with  the  upper  strata  of  the 
Mountain  Limestone,  but  that  they  represent  Uie  whole  series  of  it.* 

Mountain  Limestone  was  only  oDseryed  in  the  most  south-eastern  part  of  the  Coal- 
basin  of  Upper  Silesia,  in  Poland.  Near  Krzeszowioe  a  connderable  number  of  fossils 
were  obtained  (page  69),  which  identify  the  stratui  as  belonging  to  that  formation. 

J?.  Tipper  group.     Ck>al-mea»uret, 

The  Uoal-Msin  of  Upper  Silesia  and  Poland  is  eoyered  b^  depositB  of  Diluvium 
oyer  nearly  its  whole  area,  out  of  which  seyeral  isolated  portions  of  the  coal-bearinff 
formation  crop  up.  The  most  extensive  of  these  Coal-measure  islands  is  utuated 
between  Gleiwitz  and  Myslowitz.  The  Silesian  Coal-basin  is  only  part  of  the  vast 
and  extensive  Coal-basin  which  reaches  from  Hultsdliin  and  Mfthrisch-Ostrau,  in 
Austria,  to  Siewien,  in  Poland,  and  aeain  from  Tenezynek,  near  Krzesaowice,  beyond 
Gleiwitz.  The  whole  area  of  this  large  bann  (after  the  Westohalian  basin,  the 
largest  on  the  Continent)  amounts  to  about  1600  English  square  miles.  The  formation 
presents  physically  a  low  hilly  country,  which  only  in  the  south-western  end  of  the 
Dasin  reaches  a  height  of  about  1100  feet  above  tne  level  of  the  Baltic  Sea.  Sand- 
stone, of  a  cosrse  grain,  with  large  pebbles  of  quartz  and  small  particles  of  mica  and 
ordinary  Clay- slate,  are  the  principal  features  of  this  formation.  The  latter  contains 
olten  argillaceous  Sphsrosiderite,  which  is  worked.  The  Coal-beds  are  found  through- 
out the  depth  of  the  formation ;  some  of  these  beds  have  a  thickness  of  from  45  to  50 
feet.  The  thickness  of  the  whole  beds  is  calculated  to  be  333  feet,  whilst  the  pro- 
duction of  coal  in  1867  amounted  to  92  millions  of  cwts.  in  the  Prussian  share  of  the 
basin. 

Amongst  the  other  minerals  found  in  this  formation  we  have  Lowigite,  Carolathin, 
Anthrakoxen,  Galena,  Schaalenblende,  Schwerspath,  Braunspath,  etc.,  etc. 

The  stratification  of  the  Coal -basin  is  almost  horizontal,  and  only  shows  much  dis- 
turbance near  Mafarisch-  Ostrau  in  its  south-western  extremity. 

Then  follows  a  list  of  land-plants,  one  species  of  spider,*  and  36  species  of  marine 
fossils,  found  in  the  Coal-measures  of  Silesia  (page  78,  et  seq.), 

A  comparison  of  the  character  of  the  Silesian  Coal-measures  and  the  Fauna  with 
that  uf  other  European  Coal-basins  gives  the  following  results : — 

1.  That  the  Fauna  of  the  Coal-measures  has  much  aflinity  to  that  of  the  Mountain 
Limestone,  although  it  possesses  a  peculiar  character. 

2.  The  remains  of  marine  animals  are  most  frequently  met  with  in  the  lower 
strata  of  the  formation.  ■ 

3.  The  marine  fossils  in  the  Upper  Silesian  Coal-mines  agree  not  only  in  the  ecnera, 
but  also  in  most  of  the  species,  with  those  of  Coalbrook-dale,  in  England,  of  Chokier- 

1  It  may  be  remarked  here,  that  the  Austrian  geologists  held  this  opinion  long  since  ;  it  ia  not, 
therefore,  a  novel  suggestion, 
s  See  Okol.  Mac,  1865,  Vol.  II.,  p.  468,  named  by  RSmer  iVo<oIyeo<a  anthracophiia. 
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on-fhe-HiM,  tad  of  WerdflB-OB-Ae-lhdir,  w  fttft  il  fa  aoil  HMf  Osl  ftt  flHr 
afinitieB  eifat  alw  near  the  b«M  of  the  ITp|Nr  BOmmb  OmWimwi,  vhkk  fa  m^ 
lioveror,  Imown  at  pnwnt.  It  fa»  thanfbn,  vobable  ttal  the  aadilMiii 
vith  thin  Goal-bedi,  which  hav«  ban  fond  6  gmt  IkiekBM  bdpw  Ifai 
ftiata  in  tiie  ihaft  of  KSdgihfttto  at  a  daplii  of  M06|  fcat,  do  aol  W 
trao.Goal-moaiorv,  hnt  moat  Hkely  eotwipond  to  tto  iGIblOM  Ofit  of 
The  ooenrrenee  of  marine  fcarifa  mdd  aarro  to  datorBiBe  tha  otaHlom  tf  1CM* 
bedi  downwarda. 


"  ^aonltoi  ------      -  -    ^  -     .- 


GiflniaandPaMoItoineeooQiiatof  pebUeaofthaOiriMaifaoaa  amiai^wMhtlrf 
irhite  aandftones  imbedded  in  ft  aad  Ibarfl  ramalaa  of  JtraaaaHkia  JMnWi 
Theae  are  confonnably  oreriaiB  bv  wUta  BiHh-Dolo«ifeeu  with  JQwaiwrfa  jMaa. 
Porphyritio  tofh,  with  Qnarti  poiphTxy  and  Mabphyra  ana  AnydaUdi  at  flha  fa| 
of  tlie  fonnation,  whUat  qaartaoae  ftupmie  poiwrrf  fa  amt  wim  at  IIb  boaaL 

The  Limeatone  of  Kaniiowiee  (white  aad  eiTBtamna)  leala  on  tha  bd  ' 
aad  if  ocvered  with  poiphyritle  taJh,  whieh«  again,  «  otariain  by 
with  if. /attup.    TheBmeitonooontaiaedflfaywieiof  Jacnaanda 


IL  Mmoaoio  Gnou»*— A.  fHiah 


1.  The  Bmitig  Sandatein  ftama  only  nairow  aenaa  at  the  baae  of  tfaa 
widi  an  aferage  tiiiekneai  of  900  fbat     Boaaaar  dJathiauJAia  two  " 

a.  Lower  Bnnter4Sandatein,  biownldk-vedahalaa,  wnhaand ' 

160  feet 
h  Upper  Bnnter-Sandrtain  or  RflO,  fed  ihafaa^  wHh  wUta  Doloidta  amd 
containing  aofentean  q^eoiaa  of  Ibarifa,  ama^grf  thaA  SL  fiBmi 
Buehii,  etc  ^ 

3.  The  Moachelkalk  forma  a  aanow  lidgv  «f  bilK  of  abaat  Ibtty  mOaa  ht^fk^  in 
Upper  Sileaia  aad  Poland,  which  aateoda  ftoai  Kkappita  aa  the  CWtar  to  Olkia^  la 
Poland^ 

8.  Lowtr  Mua^KtikaOc, — A.  MguhtlmU  of  tkt  Lawtr  WtJimkaH. 
ff.  CaTemdser  Kalk.    Thia  bed,  only  a  few  foot  in  thicknea^  of  brown,  any,  or 
reddish  crystalline  limeaione,  ia  foil  of  amaU  osritiea,  and  reati  oonrannably 
on  Roth.    It  oontaini  no  foanla. 

b.  The  Chonow  Beds  hoTe  a  thiokneaa  of  280  foot,  and  eonaiat  of  a  oomnaoi  gray 

limestone.    Hi>mitone  oocora  but  aeldom,    Foanla  are  abu^bmft  (aae  pagi 
135). 
B,  Equivalent  of  the  SehMimkaik. 
ff.  Blue  <' Solestone/'  thickneaa  15  foot,  ffreyiah-yeUow  limeatone  of  knotty 
character,  and  greyish-red  crystalline  fimertone,  aometiaua  a  reddidi-whita 
porous  limestone.    In  this  bed  oecnn  the  first  Alpine  foona  (aee  page  1S7). 

b.  Gorasdze  strata,  tbickneas  80  feet,  consisting  of  a  porooa  white  limaatone, 

alternating  with  a  compact  one.    Homstone  ia  rare. 

c.  Encrinites  and  Terebratula  Beds,  thickneaa  15  foot    A  compact  grey  Hbm* 

stone,  consisting  of  Encrinites  and  TertbrettuU  vulgmio  in  great  nomoen. 

d.  Hikultschiitz  strata,   70  to  90  feet  in  thiekwew.  A  yellowiah  or  reddish 

compact,  sometimes  porous,  limestone,  witii  much  homatone.     Nnmeroos 
Alpino  forms  (]^ge  140,  ot  oeqX 
e,  Himmelwiu  Dolomite,  attains  a  thidmem  of  iO  foeti  ia  a  grey  or  yellow 
Dolomite.     (Fossils,  paj^  148,  $t  teq,) 

4.  Middle  Mueehelkalk,  A  white  or  yeUowiah  marly  Dolomite,  of  abont  50  ftet 
in  thickness,  without  organic  remains. 

5.  Upper  Mwehelkalk,  or  Rybnaer  Limoetomy  and  Dolomite,  from  12  to  40  feet 
in  thickness,  with  many  fossil  remains  (page  146). 

On  comparing  the  Upper  Silesian  Muschelkalk  with  that  of  Weatem  Oermany,  wt 
find  the  greatest  affinity  to  exist  as  regards  their  fossil  renudns;  there,  as  well  aa  ia 
Silesia,  the  Alpine  forms  appear  most  frequently  in  the  lower  strata,  aa,  for  inatance, 
Ehynehonella  decurtata,  Terebratula  atufueta^  JUtsia  triyonoUm,  Biterittm  gnmlio,  ele^ 
etc.  Here  also  we  see,  as  in  Western  Grermany,  the  great  deyelopment  of  the  Lower 
Muschelkalk,  and  the  thinning  out  of  the  midole  and  upper  portion  of  it. 

6.  Keuper,—Th\B  formation  covers  in  XTpper  Sileaia  and  P<dand  more  than  1600 
square  miles,  with  an  average  thickneaa  of  from  500  to  600  foot  of  rook;  the  area  ti 
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limited  in  the  east  by  the  Jurassic  ridge  of  hills,  which  extends  from  Krakan  north- 
wards, and  to  the  south  and  west  by  the  above-mentioned  Muschelkalk. 

7.  LttUnkohle,,  grey  and  red  clay  and  shales,  with  brown  Dolomite  and  green 
sandstone,  with  few  organic  remains  (page  163).  It  rests  conformably  on  the  Upper 
Muschelkalk,  and  is  again  conformably  orerlain  by 

8.  7%«  Middle  Keupef,  which  consists  Ot  reddish  brown  clay,  wHh  embedded  white 
limestone,  which  contains  homstone.  A  conglomerate,  with  fishes  and  remains  of 
saorians.  A  creyish-green  sandstone  with  tun  beds  of  coal.  Total  thickness,  200 
to  300  feet.     Very  poor  in  fossils  (page  162). 

9.  Upper  Kettper^  or  Mfueiic  Group. 

ff.  Wilnudorfer  Beds^  consisting  of  reddish  and  greyish-green  day  and  marl,  with 
argillaceous  Sphserosiderite,  which  contains  land-pknts  (page  178).    60  to 
80  feet  in  thiclmess. 
it  Bttheria  Bedt  of  HeUewald^  resting  conformably  on  the  former  and  consisting 
of  thinly-stratified  white  sandstone,  with  mica  and  shales,  sphseroeiderite. 
JBitheria  minuta  numerous.    Thickness  about  60  to  80  feet. 
Both  the  ^logical  structure,  as  well  as  most  of  the  enedes,  resemble  the  typical 
Keuper  of  Middle  Germany,  although  not  in  lithologioal  ohaimcter,  as  the  marls  of 
Germany  are  mostly  represented  in  Silesia  by  limestones. 

B.  Jurauie  Formation, — This  forms  a  long  ridge  of  hills  between  Krakau  and 
Csenstochau;  with  a  few  interruptions  it  extends  to  Wielun  in  a  north-westerly 
direction.  Beyond  this  place  Jurassic  rocks  are  found  isolated  in  the  surrounding 
Dilurium,  as  for  instance  near  Kalisch,  and  eren  so  &r  north-west  as  Thorn.  Also 
in  the  East,  on  the  banks  of  the  Pilica,  in  Poladd,  we  find  a  low  ridge  of  hills,  which 
extends  South-west,  between  Kielce  and  Eorytnica.  In  all,  the  Jurassic  formation 
ooYers  an  area  of  about  5600  square  miles,  although  it  is  at  some  places  concealed  by 
Drift.  % 

The  strata  are  very  rarely  highly  elerated,  in  most  cases  theyslope  gently  towards 
the  east  and  north-east.  The  Jura  rest  unoonformably  on  Aeuper.  The  ayerage 
thickness  is  about  500  feet 

Boemer  distinguishes  two  gpreat  groups  in  the  Jura  of  Silesia :  a  Lower  group,  con- 
sisting of  dark-coloured  sandy  and  ar^llaceous  beds,  forming  a  flat  country,  or  only 
low  hills ;  and  an  Upper  group  of  white  Limestones  and  Dolomites,  forming  moun- 


developed  in  Silesia, 
Jurassic  deposits  in  Eastern  Europe. 

The  subjoined  Table  giyes  the  sub-diyisions  of  the  Jurassic  series : — 
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A, 

s 

BTKATUlt. 

BBIW. 

eSNSKAL  OHABikOTSE,  SrSUCTUmB. 

IQUIVALSKTS. 

e 

• 

1 

9.  Stratum  of 
Exogyra  virgula. 

On  the  banks  of  the  Pilica, 
etc.,  etc.    Compact  limestone, 
like  the  lithographic  stone  of 
Solenhofen.    £,   vtrgula  in 
great  numbers. 

Kimmeridge 
beds. 

i 

p 

H 
t 

to 

8.  Nerinea 

limestone  of 

Inwald. 

Inwald  and  Roczyny,  Oa- 
licia.    Compact  white  lime- 
stone.   Brachiopoda,  LameUi- 
branchiata  and  Gasteropoda 
(Nerinasa).  Cephalopoda  dis- 
appear nearly. 

Limestone  of 

Plasseu,  near 

Hallstadt? 

m 

S 

7.  Bed  of 

Bhynehonella 

A»tieriana» 

Forms    the  North-eastern 
extremity  of  the  Jurassic  hills, 
between  Pilica  and  Mstow. 
White    compact    limestones 
with  homstone.    Great  num- 
ber of  well  preseryed  fossils. 

WhiteJura,E. 
ofQuenstedt. 

Zone  of  the 

Cidaris  jfori- 

ffemma,  Oppel^ 
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OBP. 

n-RATUK. 

BSM. 

oBKmiAL  GKAmAionB,  wmaarvrnm. 

MkUlf  AIBIk 

P 

6.  Bed  of 
RhynchontUm 

trUobata. 

Upper-Felsen- 

kalk. 

Between  Erakau  and  Wie- 
Inn.   White  Timeitone,  many 
hundred   feet  in   thickneaa. 
Ammomtst  polyploem,  iUfni- 
ckonatla  trUobatu,  e^,  e^ 

Lower  eil- 
MiaonagnL 

limeatoBtor 
SvabuL 

Is, 
i 

5 
or 

5.  Bed  of 
EhynekwMa 

laeunaaa. 

Lower-Felaen- 

kalk. 

Between  Krakan  and  Wie- 
lon,thiokneitl60feet  Poroua 
lightgrey  LimesUHiea.  JJtyw 
ekmtdla  AwmieMi,  great  nam- 
berof  Flmnil9t€$, 

lUMltOMOr 

Swahii. 

4.  Bed  of 
Amnumitet 

eordatui 

(A,  Arduit^ 

mtuisj. 

2.  Bed  with 
the  typiealform 
of    AfmmoHiUa 
cordatua, 

I.  Bed  with 
a  small  fonn  of 
Amm,  eordaiua. 

White  Limeitone  with  a 
fi^reat  number  of  fbesUa,  white 
and  yellowiah  marls,  and  gr^ 
earthy  limeitone,  many  foiafla. 

Lower  beds  of 

the  middle 

'<Oxfotd,'*of 

Oppd. 

bo 

3.  Bed  of 

AmmoniUi 
macroctp/uiius. 

Thickneai  I2-80feet,  Lime- 
stone.   Great   many   fiosnls. 
Forms  of  the  EtageBajocien, 
Bathonien  and  Callovien,  as- 
sociated in  several  localities 
(Balin). 

GxeatOolith 
orertiie 

Gallomnof 
Bu^landaad 

Franee. 
Upper  J9m/a- 

iiiMN  day, 

Maeroewpktlm 

Oolite  of 

Swabia. 

p 
•-> 

if 

O 
« 

H 
H 

2.  Beds  of 
Ammofiitfs 
Farkinsoni 
(notOppel'Sjbut 
the    w  lole     of 
strata,      which 
contain  A.  Far- 
kinsoni), 

2.  Bed  with 
a  small  form  of 
Amm.  Farkin- 
soni, 

1.  Lower  bed 
with  the  typic 
^mm.  Farkin- 
soni, 

Dark     argillaceous     clay, 
thickness    about    100    feet 
Grey  sandstones,  dark  shales 
with  Sphseroeiderite. 

«0 

p 

Of 

1 
! 

1.  Beds  of 
Inoccramm 
polyploctis. 

4.  Clay     of 
Mirow. 

3.  Dark  sandy 
marl  of  Lysiec 
and  Siellec 

2.  Bed     of 
Kostczelitzer, 
with    undeter- 
mined biyalTes. 

1.  Ferrugi- 
nous      brown 
Sandstone  with 
Inoc.  pdyplocus 
and  Feeisn  pi*- 
milus^  etc.,  etc., 
of  WoLschnik. 

Etage/Bof 
Quenstedt 
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The  Jnrairie  depotiti  of  Upper  Silefia  and  Polaod  Bbow  the  greatort  affinity  to 
the  Jura  of  South  Germany,  espedallj  that  of  WQrtemherg,  not  omj  as  regards  their 
fianna,  but  also  in  the  lithologicid  reaturei  of  the  formation,  whicn  renders  it  most 
probable  that  the  Juranic  seaa  were  in  direct  oommnnication.  Bat  this  communication 
ooold  onlj  hare  existed  as  a  narrow  strait  in  the  Kaipathians,  through  Morana,  in 
the  direction  of  Vienna,  to  Regensburg. 

A  peculiar  feature  of  the  Silesian  Jurassic  formation  is  the  entire  absence  of 
Liamc  beds;  Jurassic  beds  resting  conformably  on  the  Upper  Keuper  formation.  A 
comparison  with  the  Jurassic  deposits  in  North-weitem  0ermany  shows  the  entirely 
di£ferent  character  of  the  Silesian  Jura ;  whilst  all  the  Jurassic  deposits  which  are 
known  in  Western  Prussia,  and  also  in  Pomenmia,  show  that  the  sea  in  which  they 
were  formed  must  have  been  in  direct  communication  with  the  eastern  teas  of  Polana, 
Russia,  and  Silesia. 

C.  Crttaeeout  Formatum. — ^This  is  found  to  occur  in  three  groups  of  strata,  which 
in  no  way  agree  in  their  character  with  each  other.  % 

Group  A,  forms  a  part  of  the  Beskides,  between  Teschen,  Skotschau,  Bielitz,  Eentz, 
and  Wadowice. 

Group  By  is  seen  near  Onpeln  and  Leobschiitz. 

Group  Cf  on  the  eastern  slopes  of  the  Jurassic  hills  between  Krakau  and  Csenstochau. 

A.  {Nsocomim.)  The  Bedddes,  which  belong  to  the  Kazpathians,  are  nothing  else 
but  a  continuation  of  the  Alps. 

1.  Lower  Teschen  shales  fLower  Keocomien  after  Hohenegger).     Grey  marly 

shales,  thickness  1200  reet    Api^ehut,  B$UwmiU$,  etc. 

2.  Teschen  Limestone  (Middle  Keocomien  of  Hohenegger).  A  dark  grey  limestone, 

thickness  300  feet. 
a.  Lower  group,  thinly  stratified  limestone  with  shaly  layers  between,  which 

contain  a  few  Fin^idst  and  other  fossils. 
h.  Upper  group  in  thick  banks  of  sandy  dark  limestone. 

3.  Upper  Teschen  Shales  and  Grodischt  Sandstone,   black  bituminous   shining 

marly  shales,  with  Sphasrosiderite.    (Upper  Neocomien  of  Hohenegger.) 

4.  Wemsdorf  beds  (fitai^e  Urgonien,  pamy  Aptien  of  Hohenegger).    Thickness 

400-500  feet.  Black  marls  and  shales  with  SphsBrosiderite.  This  series 
forms  a  zone  along  the  northern  dopes  of  the  Earpathians.  Seaphitta  Tranii 
rPuzos),  Crtouroi  Putotianut  (d'Orb.^  JBeltnmiUt  dUatatuSy  Apiyekui  Didayiy 
(Coq.),  etc,  etc. 

Roemer  differs  from  Hohenegger,  as  he  does  not  hold  the  Aptien  is  sufficiently 
proyed  by  one  Ammonite  and  an  Aneyl^cenuy  but  considers  the  Wemsdorf  beds  to  be 
Urgonien.  The  Neocomien  strata,  on  the  northern  slopes  of  the  Karpathians,  show 
the  same  character  as  those  of  the  Alps,  but  differ  ^eatly  from  those  of  North- 
western Germany. 

5.  ^au/^.-^Hohenegger  considers  the  mighty  deposits  of  Sandstones  of  the 
Earpathians  and  Beskides  (up  to  4000  feet)  as  Gault,  and  oalb  them  Godula  Sand- 
stones. The  lower  portions  are  generally  sandy  slates  and  shales,  whilst  the  upper 
ones  consist  mostiy  of  Sandstones,  Conglomerates,  etc.  Although  poor  in  organic  re- 
mains, these  deposits  are  correctly  referred  to  the  Gault,  by  their  position  lying  con- 
formably between  the  Wemsdorf  beds  (Urgonien)  and  the  Istebna  Sandstone 
(Cenomanien). 

6.  UppiT  Qrttae$(m$  S«rut, — Baeulitet  marl  of  Friedeok  and  Basohka  beds ;  the 
first  a  bluish  grey  sandy  lime  marl  with  B,  Fua^tuii^  the  latter  yast  beds  of  fine- 
grained sandstone  containing  lime  with  marls  and  homstones.  But  few  fossils, 
l9toc$romu»y  Aptyohtu, 

B.  Creiaceout  roekt  of  Oppeln  and  LiobtehiiUf  forming  a  few  islands  in  the  Diluyium. 
a.  Oppeln. 

aa,  Beds,  belonging  to  Cenomanien,  underlying  the  Turonien  of  Oppeln. 

1.  At  the  bottom,  compact  white  sandstone. 

2.  Glaueonitic  erey  or  greenish  sand. 

3.  At  the  top,  nne-grained  white  sandstone. 

Ammonitea  RhotomggenM^  Turrilites  eottatuiy  etc.,  etc.  (page  290,  et  teq.) 

bb.  Marl,  belonging  to  the  Turonien.  Thickness,  70  to  100  feet ;  white  and  light 
grey  lime  marls,  near  tiie  base  siliceous,  and  containing  many  homstones ;  near  the 
top,  argillaceous.    This  deposit  is  yery  like  the  Planer  of  Saxony,  Bohemia,  etc.^  etc. 
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It  lieB  in  a  horizontal  position,  or  dipping  Blightly  to  the  west.  It  yields  Brachiopodi, 
Lamellibranchiata,  Gasteropoda,  Cephalopoda,  and  fishes  in  great  nomben  (page  299). 
Most  of  the  genera  afford  good  evidence  that  this  deposit  repreienti  the  rbaitcii 
Sazonj,  Bohemia,  and  of  the  hills  of  HanoTor  and  Brunswick.  Povibly.  this  serisi 
in  Silesia  comprises  many  zones,  as,  for  example,  the  zone  of  Seaphitet  Oemiitif 
Stromb.,  which  is  most  distinctly  represented ;  but  at  present  it  is  not  practicaMn  ts 
divide  the  stratum  into  several  l)eds. 

ce.  Dambraw  sandstone  (Senonien).      Sandstone  with  much  mica  and  Hbkl 
Sxogyra,  Mytilutt  sp.    £acalii$t  onetptt  OMuuuuta  Fmt^mtiL 
h.  Ltobtchiitt, 
aa.  White  sands  and  sandstone,  with  Exogyra  coHumba,   Thicknen  16  to  50  feet; 
occasionally  homstones.    Stratification  horizontal,  resting  on  highly  elevattd 
strata  of  the  Culm  formation.    (List  of  fossils,  jpage  332.)     Moat  of  these 
agree  with  forms  of  the  Saxon  and  Bohemian  Quadenandstein,  although 
the  latter  is  separated  from  Silesia  by  the  crystalline  and  Devonian  roeb  of 
the  county  of  Glatz. 
bb.  Grey  sandy  lime  marls,  with  Ammonitet  RhotomagtmU,    Thickness,  8  to  20 
feet.   Horizontally  stratified;    resting  on  Culm  formation.     (Fossib  on 
page  339.)    Most  probably  of  the  same  horizon  as  the  Green  Sandstone  of 
Laun,  in  the  Saaz  aistrict  of  Bohemia. 
The  Cretaceous  deposits  of  Oppoln  and  LeobschUtz  show  dose  relationship  to 
Bohemian  and  Saxon  strata,  althoi^h  no  relation  amongst  themselves,  or  with  ihe 
Cretaceous  deposits  of  the  Eastern  Polnian  basin. 
e.  Cretaceous  Strata  Batt  of  th$  Jurauie  HilU  of  iWsfMf.— These  consist  partly  of 
sands,  partly  of  lime-marls ;  the  most  prominent  are  the  latter,  with  homstones. 
It  forms  a  great  part  of  the  late  kingdom  of  Poland,  on  both  banks  of  the 
Weichsel. 

a.  The  lower  strata  consist  of  grer,  white,  and  green  sandstones,  with  a  ftw 
grains  of  Glauconite.    (List  oifossilB,  page  361.)    Equivalent  to  the  lower 
strata  of  Senonien. 
' b.  White  lime-marls,  with  Belemnitdla  mueroHata;  homstones;   horizontsllv 
stratified.    The  thickness  increases  towards  the  centre  of  the  basin,  toward 
east,  as,  for  instance,  near  Wislica-on-the-Nida  the  thickness  is  600  feet 
(List  of  fossils,  page  354.)     Most  probably  this  is  Upper  Senonien. 
These  Cretaceous  deposits  of  Poland  show  more  relationship  to  the  Cretaceous 
rocks  of  Russia,  of  the  Kiigen  Island,  and  of  the  Danish  Islands,  than  with  those  of 
North -Western  and  Middl^  Germany.    The  Cretaceous  rocks  of  Poland  belonr  to 
the  great  Baltic  Chalk  basin  of  North-Eastem  Europe,  which  possesses  in  the  Jura 
of  Krakau  a  well-defined  western  boundarv,  and  which  does  not  commonicate  with 
the  Chalk- basin  of  Saxony,  Bohemia,  and  tipper  Silesia. 

III.  Cainozoic  OB  Tbrtiabt  Group. 

Deposits  belonging  to  this  system  are  met  with  in  three  entirely  different  characters : 
j4.  In  the  Northern  Earparthians,  as  Nummulito  rocks. 

B.  Between  the  Northern  Eaxpathians  and  the  Muschelkalk  of  Tamowitz- 

Erappitz,  as  Miocene  deposits  of  the  age  of  the  Vienna  basin. 

C.  Oligocene  Lignite  deposits,  northwards  of  the  former. 

A.  Nummulitie  Deposits.  Eocene.  Beskides. — Similar  to  the  Flysch  of  the  Alps, 
consisting  of  dark  grey,  externally  brown,  micaceous  sandstones,  marls,  and  Menilite 
shales,  of  a  thickness  of  many  thousand  feet.  The  strata  are  generally  much  dis- 
turbed, raised  up  and  dipping  south.  These  rocks  were  raised  daring  the  same  period 
as  the  Chalk  fonnation  of  Silesia.  The  Miocene  strata  rest  nearly  horizontal  at  the 
northern  slopes  of  these  deposits. 

Ilohenegger  distinguishes  : 

a.  Nunimulilic  rocks,  lA)wer  group.    Grey  sandstones.  Limestone,  Breccia,  richly 

coloured  clay  or  shales.    The  compact  Nummulite  Limestone  is  entirely 
wanting       Kummulina    letUieularis    (d'Orb.),    Chondrites    Tarytonit,    Ch. 
intn'catusj  the  same  forms  as  in  the  Flysch  of  the  Alps. 

b.  Menilite  rocks.  Upper  group.    Richly  coloured  Clay-ahales,  thin  bod  of  mica- 

ceous sandstones,  with  beds  of  Menilite  shales.    Melstta  erenata  (Hcckel). 
This  deposit  forms,  according  to  Ch.  Mayer,  of  Zurich,^  the  youngest  stratum  of  ue 

1  Tableau  synchronistiqae  des  terrains  tertiares  infiMtanu    1860. 
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Etage  Tongrien  (therefore  not  Eocene),  and  is  eqniyalent  to  the  Oligooene  clay  of 
Boom  in  Belgium,  and,  therefore,  also  with  the  Septaria  day  of  Berlin. 

Eoeme  Eruptive  SoekSf  TeteheniU,  contains  Homhlende,  Aueite,  Nephelin,  Anor- 
thite-like-trickline  felfpar.  AccessorieB  to  these  are  Apatite  ana  Carbonate  of  lime ; 
Diorite  and  Diabase ;  Aphanite  and  Aphinitic  Amygdaloid. 

B.  Miocens  Depants, — These  coyer  the  whole  south  and  western  part  of  Upper 
Silesia,  with  the  exception  of  the  higher  elerated  coontrr.  South,  the  Cretaceous 
rocks  and  Eocene  deposits  of  the  £irpat1uanB;  West,  the  DcTonian  rocks  of  the 
Oesenke ;  East,  Jurassic  hills  of  EnULau-Wielun. 

This  extensive  Miocene  basin  communicates  with  the  basin  of  Vienna-Moram, 
only  through  the  channel  of  Miihrisch-OstTau,  and  Prerau,  which  is  only  from  two 
to  four  miles  broad.  The  thickness  of  these  deposits  is  from  500  to  700  feet  They 
rest  generally  on  rocks  of  the  Carboniferous  formation. 

a.  Lower  group  (Marine  Clay  and  Leitha  Limestone).  Thickness,  500  to  700  feet. 
Bluish  Grey  Clay,  mixed  with  quartsose  sands,  and  oontainine  much  lime. 
Equivalent  to  tne  Lower  Marine  Clay  of  Vienna.  Beds  of  light  yellow 
limestone,  yery  rich  in  fossils.  The  latter  are  of  the  same  age  as  the  Leitha 
limestone  of  Vienna.  They  contain  also  g]msum  and  rock-salt  (Wieliczka 
^and  Bochuia,  in  Austria) .    (A  list  of  the  foniu  is  given  at  pa^  375-394.) 


wanting  the  braclosh  and  freshwater  deposits,  the  Onrithium  and  Cotigeria 
beds  of  Vienna. 

C.  Oligooene  Lignite  bede, — Qrey,  richly  coloured  or  white  plastic  day  and  white 
sand,  alternating  with  layers  of  Lignite  and  Iron-ores,  and  freshwater  Quartzites 
many  hundred  feet  in  thicKness. 

Basalt. — Only  known  west  of  the  river  Oder;  to  be  looked  upon  as  the  most 
eaatem  offshoots  of  the  Basalts  of  the  Eifd,  which,  beginning  at  the  left  banks  of 
the  Rhine,  strike  E.  across  South  Germany,  Bohemia,  and  Silesia.  Between  the 
Oder  and  XJral  mountains  no  Basalt  is  known. 

Diluvium,  consisting  of  the  usual  sand,  gravd,  and  day  (Loss),  covers  the  greater 
part  of  Upper  Silesia,  with  the  exception  of  the  highest  points.  It  bdongs  to  the 
same  epoch  and  fauna  as  the  Diluvium  of  the  Rhme  near  Basel,  etc.,  etc.,  with 
JSlephat  primigeniua^  Rhinoeerot  tiehorhinut,  Bieon  prieeui,  and  Bat  primigeniue. 

There  is  a  very  interesting  report  bv  Dr.  Runge,  of  Breslau,  on  the  occurrence  and 
the  production  of  useful  minerals  of  ifpper  Silesia,  with  numerous  maps  and  sections, 
etc.,  which  forms  ^art  of  Dr.  Roemer  s  book,  but  which  it  is  not  possible  to  treat 
with  requisite  consideration  here. 

We  cannot  but  express  our  obligations  to  Dr.  Ferdinand  Roemer  for  his  most 
valuable  work. — C.  L.  G. 


Okological  Society  of  London. — May  10,  1871. — ^Prof.  Morris, 
Vice-President,  in  the  Chair.  The  following  communications  were 
read  : — 1.  "  On  the  Ancient  Bocks  of  the  St  David's  Promontory, 
South  Wales,  and  their  Fossil  contents.''  By  Prof.  B.  Harkness, 
F.B.S.,  F.G.S.,  and  Henry  Hicks,  Esq. 

In  the  Promontory  of  St  David's  the  rooks  upon  which  the  con- 
glomerates and  purple  and  greenish  Sandstone,  forming  the  series 
usually  called  the  "  Longmynd  "  and  **  Harlech  Oroups,"  repose,  are 
highly  quartziferous,  and  in  many  spots  so  nearly  resemhle  syenite, 
that  it  is  at  first  difficult  to  make  out  their  true  nature.  The  appa- 
rent crystals  are,  however,  for  the  most  part  angular  fragments  of 
quartz,  not  possessing  the  true  crystalline  form  of  the  mineral.  The 
matrix  does  not  exhibit  a  crystalline  anangement^  and  oontaina  «» 
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▼fliy  ]aif{6  -  pniiMUtion  of  lilinij  moB  not&BBMg  flHil  wUoh  it  i^ 
tained  fi^m  iodE0  of  a  mnittD  iMtiira.    Jhm& 
fonaaaEJTJLandWAw.ooiina    The 
wbioh  seem  to  be  qaaxtglhnnm  hnmrng  it  wautmbak  h 

In  the  hnmwKirte  neiriiboviliooa  of  8t  DrnTu  Amj 
dated  -with  them  im^^dar  banda  of  haid,  gifwaiiali,  aaihjJookim 
dudea,  mooh  altered  m  dhaimnter,  but  oAmi  nmannrtim  dUbd 
ttaoea  of  foliatum.    In  a  ndge  nnuung  frana  toe  fiuB. 
Sound  in  a  north  oaaleilj  dinactinn  die  graaniah  ■'"ulirt  aie 
oonpaoty  and  roaemUe  aai'ihjf  graanatoneaL 

llie  qnartsiBnoiia  breooiaa  and  tbeir  aaaoniatad  Aelae  ftam  tae 
anticlinal  azea,  oontignooa  to  eabh  oAer,  and  halve  en  Iheb  flJU 
and  N J^.W.  aUea  purple  and  green  loofaa. 

The  order  of  die  looka  ftom  liie  aparfadftmia  braoolee  u|vinidi^ 
when  not  diatoxbed  by  &iilt%  ia  aa  fblbwa: — 


1.  Oneniih  hwmtonat  oa  flia  B.S.,  aad  amby  nTaBartoew  an  tta  V.W1, 
ttooatacBiottportioBiof  ttoto-aaDeJBjMfeaadOiaaartBMr^ 

%•  OoBgloBMfatBi  eonpoMd  ounflj  of  wHl^oaadid  HaMi  of  Sparta 

in  a  pnipU  matrix  •.....•••••^••.•••••mm.     ai 

Os  uTwuBu  hIkmV  hdioi^hihb  ••••••••••••••••••••••••••  ••••••••■••••■•••••••••••••  •••••    a^v 

4.  Bed  fl^^sST  ^  didr  bBdii  afforfiay  Aa  aailitfl  Uaeai  af  ai^ieia  nmfaa  ia 
the  St.  DaTid'i  Pkomontory,  aaailjv  linpildlM  finwfinm  nd 


■•••a 


b,  Pmple  (NiiietiiiMS  greeoiih)  wmditPBae ^ ;..  IMa 

6.  Yellowiih-grey  tandetoiiei,  ehafae,  lad  iagi,  eoatriaSagfte  gwwa  Jfcifcirfi^ 

Conowryplu,  Jficrodueutt  jdfnoHmt^  TkiM^  and  iVofiMMNffo  ........  ......    M 

7.  Grey,  purple,  and  red  flaggy  eandrtonei,  ooatauiiBg,irith  aoaie  <^the  abofa- 

mentioned  genera,  the  genua  PmraSoMm   .••........•..•  Ifea 

8.  Grey  flagpr  beda lia 

9.  The  tme  beda  of  the  **  Henerian  Grcra]^/*  tieUy  ft«iliAraai»  aad  the  mo* 

bable  equiTalente  of  the  bweet  poctiMia  of  tha  primnrdial  aona  or  IL 
Barrande Ma 

The  disoovery  of  a  fieiana,  apeoially  rioh  in  trOobitea,  among  theaa 
rooks  of  the  St  Dayid'a  Promontoiy,  affoida  very  imjpoitant  inlbmia- 
tion  concerning  the  earlier  forma  of  life  of  the  British  laleai  UntO 
the  discovery  of  this  fauna,  these  rodka  and  their  eoniyalenta  in 
North  Wales  were  looked  upon  aa  all  but  barren  of  fbaaita.  We  haTS 
now,  scattered  through  about  SOOO  feet  of  purple  and  sreen  atzata, 
a  well-marked  series  of  fossils,  suoh  aa  have  nowhere  eue  been  ob- 
tained in  the  Britiah  lalea.  In  the  Ixmgmynda  of  Shropahiva  the 
only  evidence  of  the  exiatenoe  of  life  dnnng  the  period  of  their 
deposition  is  in  the  form  of  worm-bunowa,  and  in  the  aomewhat 
indistinct  impreasions,  which  Mr.  Salter  regazda  aa  trilobitio^  and  to 
which  he  has  given  the  name  of  Palmopyge  BamBoifL  If  we  aaaoma 
the  purple  and  green  shales  and  aandatonea,  with  tiieir  aaaociated 
quartz  rocks  of  Bray  Head  and  the  drab  ahalea  of  Carriok  M'Beily* 
county  Wicklow,  to  repreaent  the  old  rooka  of  St  David'a,  tiiaj 
afford  only  very  meagre  evidence  of  the  ooourzenoe  of  life  dnrb^tha 
period  of  their  deposition  in  the  form  of  worm-barrowa  and  tzacka, 
and  in  the  very  ind^rminate  foaaila  which  have  been  referred  to 
the  genus  Oldhama. 

C^  very  prominent  featoze  ahmt  tl^e  paleontology  of  die  anoiaut 
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rocks  of  St  David's  is  the  oconrrence  of  four  distinot  species  of  the 
genus  Faradoxides ;  and  this  is  in  strong  contrast  with  the  entire 
absence  of  the  genus  OlentM.  On  a  comparison  of  thepaleeontologj 
of  the  St.  David's  rocks  with  those  of  the  Oontinent  of  Europe  and  of 
America,  which  seem  to  occupy  nearly  the  same  horizon,  we  have 
like  features  to  a  very  great  extent  presenting  themselves. 

With  reference  to  the  distribution  in  time  of  some  of  the  earlier 
genera  of  Trilobites,  it  would  appear  that  the  genus  Olenm  is  repre- 
sented in  Britam  and  Europe  by  twenty-two  species,  confined  to  the 
Liingida-flags  and  Tremadoc  rocks,  and  not  occurring  so  low  as  the 
Henevian  group.  The  absence  of  this  genus  from  the  Meneviau 
group,  and  its  occurrence  throughout  the  whole  of  the  Lingula-flags, 
and  in  the  Tremadoc  rocks,  along  with  the  fact  that  so  &r  as  pre- 
sent observations  go,  no  species  of  Paradoxides  ranges  higher  than 
the  Menevian  group,  have  afforded  good  palssontological  grounds  for 
placing  the  line  of  demarcation  between  Upper  and  Lower  Cambrian 
at  this  spot,  and  for  inokiding  the  Menevian  group  in  the  Lower 
Cambrian,  to  the  bulk  of  which  it  ia  intimately  united  palsoonto- 
logically. 

I)i8cv88ioN.~Mr.  HnghM  bore  teitimony  to  the  admirable  work^  done  by  Mr. 
Hicka,  who  had,  almost  unaided,  worked  out  the  geotoej  of  that  district.  Allowing 
that  many  subdivisions  and  new  specific  names  hM  wiw  great  adraatage  been  intro- 
dnoed  into  petrology,  he  defended  the  Surrey  nomenclature  by  reference  to  the  then 
receired  definition  of  Syenite  and  Greenstone,  terms  still  pmectly  understood  and 
applicable  to  the  main  mass  of  the  rooks  In  question,  though  possibly  subsequent  closer 
examination  and  new  sections  mar  have  rendered  some  moaification  of  the  boundary 
lines  desirable.  He  was  prepared  to  allow  the  metamorphio  orij^  of  all  rocks  of  the 
classes  under  consideration,  but  did  not  think  there  was  sufficient  evidence  to  show 
that  the  diTisional  planes  in  the  Syenite  and  Ghreenstone  of  St  Bayid's  were  due  to 
original  stratification,  but  mifht  correspond  rather  to  the  ^T6at  joints  of  most 
rranites.  Mr.  Hughes  pointea  out  that  the  conglomerate  contained  fragments  of  the 
Domstone  and  qoaits  of  this  older  series,  which  he  considered  was  probably  part  of 
an  old  ridge  or  shoal,  possibly  of  Laurentian,  but  certainly  of  pre-€ambrian  age,  and 
thought  that  there  were  slif  ht  differences  in  the  litholo^cal  character  of  the  beds  on 
either  side,  such  as  might  be  explained  on  this  supposition.  Be  agreed  with  Prof. 
Ramsay  in  thinking  that  there  was  eridenee  of  the  proximit}r  of  land  in  early 
Cambrian  times,  but  was  not  prepared  to  refer  these  red  rocks  to  inland  seas  or  lakes 
as  opposed  to  open  sea,  the  whole  seemed  rather  the  depoeit  of  an  open  sea  encroach- 
ing during  submereence.  He  did  not  attach  very  much  importance  to  the  restriction 
of  genera  to  limited  horizons  in  these  older  rocks  of  St.  David's.  For,  as  it  was  re- 
served for  Mr.  Hicks  to  discover  these  fossils  after  so  many  other  observers  had 
examined  the  district,  he  anticipated  tiiat  ftirther  researdies  must  certainly  result  in 
finding  links  which  will  connect  toeether  more  closely  beds,  tha  stratigrapbieal  rela- 
tions of  which  seem  to  indicate  so  dearly  an  unbroken  though  varying  aeries. 

Mr.  Gwyn  Jeffreys  had  been  struck  by  the  intercalation  of  non-fossiliferous  beds 
ftpom  time  to  time  among  the  fossilifenms  beds  described  in  the  paper.  This  was  the 
ease  in  beds  now  in  couiae  of  formation,  and  appeared  to  arise  from  the  great  deposits 
of  mud  brought  down  by  riven  and  redeposit^  in  certain  positions  in  the  sea-bed. 
That  this  was  the  case  had  been  proved  oy  recent  dredging  operations  both  in  the 
Atlantic,  off  Spain,  and  in  the  Mediterranean. 

Mr.  Boyd  Dawkins  called  attention  to  ^e  gap  which  had  been  filled  by  the  dis- 
eoveries  recorded  in  the  paper,  inasmuch  as  the  Aoliuscan,  Annelid,  and  Crustacean 
forms  were  now  carried  back  far  into  the  Cambrian  period,  and  yet  without  any  trace 
of  their  convergence,  so  that  the  origin  of  life  might  be  as  ftu:  removed  from  that 
period  as  was  the  Cambrian  from  the  present  time.  The  difference  in  the  colours  of 
the  rocks  he  was  inclined  to  refer  to  tiie  different  de^^rees  of  oxidisation  of  ^e  iron 
they  contained,  which  might  aupervena  in  a  oomparati? ely  short  time. 
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The  Rev.  W.  S.  SymoncU  had,  in  riritingthe  spot,  been  much  stnick  br  the  ra^ 
nt  that  time  termed  Syenite,  which  he  belieTed  might  be  an  extension  of  thoM  on  thi 
Cocmanronshire  pcninsuU,  and  which  he  thought  supported  the  whole  aeries  of  die 
Cambrian  rocks,  to  that  they  might  after  all  be  the  Laurentian,  the  same  as  thoK  of 
Sutherlandshire  and  Assynt.  If  this  were  the  case  the  nomenclatnre  of  the  Geologicil 
Survey  would  have  to  be  altered,  and  the  rocks  of  Pistyl  and  Holyhead  no  kmga 
termed  metamorphosed  Cambrian  rocks,  but  Laurentian. 

Mr.  Hicks,  in  reply,  stated  that  the quartziferous breccias  fonning  the  oential  lidtt 
contiined  so  many  rolled  pebbles,  and  were,  moreover,  in  places  so  distinctly  beddra, 
that  tht're  could  be  no  doubt  of  their  being  sedimentary.  Other  beds,  described  as 
Greenstone  in  the  maps  of  the  Geological  Survey,  were  also  distincUy'  laminatwd 
The  non-occurrence  of  fossils  in  the  more  sandy  beds  he  attributed  to  their  harinit 
been  deposited  in  very  shallow  water.  The  fossits  occurred  principally  in  fine-grained 
beds  of  a  flaggy  nature. 

2.  "On  the  Age  of  the  Nubian  Sandstone."  By  Balph  Tate, 
Esq.,  F.G.S. 

The  author  remarked  that  the  sandstone  strata  underlying  the 
Cretaceous  limestones,  and  resting  upon  the  granitio  and  schistose 
rocks  of  Sinai,  had  been  identified  with  .the  "Nubian  Sandstone" 
described  by  Eussegger  as  ocourring  in  Egypt,  Nubia,  and  Arabia 
Petre^a.  In  the  absence  of  palasontological  evidence,  this  sandstone 
has  been  referred  to  the  Mesozoic  group,  having  been  regarded  by 
Eussegger  as  Lower  Cretaceous,  and  by  Mr.  Bauerman  and  Figari- 
Bey  as  Triassic,  the  latter  considering  an  intercalated  limestone-bed 
to  be  the  equivalent  of  the  Muschelkalk.  The  author  has  detected 
Orthis  Michclini  in  a  block  of  this  limestone  from  Wady-Nasb,  which 
leads  him  to  refer  it  to  the  Carboniferous  epoch,  as  had  already 
been  done  by  the  late  Mr.  Salter  from  his  interpretation  of  certain 
encrinite-stems  obtained  from  it.  The  author  mentioned  other  fossils 
obtained  from  this  limestone,  and  also  referred  to  species  of  Lepidth 
dendron  and  SigiUaria  derived  from  the  sandstone  of  the  same 
locality.  He  regarded  the  Adigrat  Sandstone  of  Mr.  Blanford  as 
identical  with  the  Nubian  Sandstone. 

3.  "  On  the  Discovery  of  the  Glutton  {Gulo  luscus)  in  Britain." 
By  W.  Boyd  Dawkins,  Esq.,  M.A.,  F.E.S.,  F.G.S. 

The  author  in  this  paper  described  a  lower  jaw  of  the  Glutton, 
which  had  been  obtained  by  Messrs.  Hughes  and  Heaton  from  a 
cave  at  Plas  Heaton,  where  it  was  associated  with  remains  of  the 
Wolf,  Bison,  Beindeer,  Horse,  and  Cave-Bear.  He  remarked  that 
he  could  detect  no  specific  difference  between  the  (hdo  apelaus, 
Goldfiiss,  from  Germany,  and  the  living  (hdo  luscus,  except  that  the 
fossil  Carnivore  was  larger  than  the  living,  probably  from  the  com- 
parative leniency  of  the  competition  for  life  in  post-Glacial  times. 
He  referred  to  the  distribution  of  the  Glutton  in  a  fossil  state,  and 
argued  that  its  association  with  the  Eeindeer,  the  Marmot,  and  the 
Musk-sheep,  would  imply  that  the  post-Glacial  winters  were  of  arctic 
severity,  whilst  the  presence  of  remains  of  the  Hippopotamus, 
associated  with  the  same  group  of  animals,  would  indicate  a  hot 
summer,  such  as  prevails  on  the  lower  Volga. 

Discussion. — Mr.  Hugbes  indicated  tbe  exact  position  in  wbieb  tbe  jaw  of  the 
Glutton  was  found,  but  pointed  out  that,  owing  to  tne  ezcaTations  of  keepers,  badgers, 
rabbits,  &c.,  the  earth  was  so  much  disturbed  in  Uiat  part  that  it  was  impossible  to  be 
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rare  of  the  original  relatiTe  porition  of  the  bones.  He  showed  that  the  PIas  Heaton 
Caye  was  on  a  hill  rising  from  the  top  of  the  platean,  while  the  Cefh,  Brjsgilli  and 
GalltfSBBDan  Cares  were  in  the  ^rge  cnt  throngn  that  plateau,  and  therefore  that  the 
Plas  Heaton  Cave  was  nrobably  formed,  and  might  possibly  haye  been  first  occupied 
at  a  much  earlier  perioa  than  me  others.  As  it  iqipeared  to  pass  under  that  part  of 
the  hill  whioh  is  oyerlapped  by  heayy  drift,  he  thought  it  quite  possible  that  this  may 
haye  been  a  pre -Glacial  caye,  and  that  by-and-bye  we  may  find  eyidence  of  a  pre- 
Glacial  &una  in  it. 

The  Rey.  W.  S.  Symonds  mentioned  that  in  some  of  the  pot-holes  in  the  roof  of 
the  Cefii  caye  he  bad  procured  silt  containing  remains  of  shells  determined  by  Mr. 
Jeffreys  to  be  marine. 

Mr.  Hughes  explained  that  these  shells  had  probably  been  washed  in  firom  the 
superficial  marine  drift  of  the  district. 

Ifr.  Dawkins,  in  reply,  expressed  his  belief  that  though  the  exoayatioiis  of  the  cayes 
in  Question  might  haye  taken  place  at  different  periods,  yet  that  their  occupation  was, 
geologicaUy  speaking,  contemporaneous. 


TEREACES  OP  NOEWAT. 

Sib, — ^As  the  translator  of  Professor  EiemlTB  pamphlet,  and  a 
visitor  to  many  of  the  terraces  he  describes,  may  I  be  allowed,  in 
answer  to  Colonel  Greenwood,  to  occupy  half  a  dozen  lines  ? 

The  terraces  occupy  the  whole  breadtib  of  yalleys,  often  very  wide. 
The  upper  surface  is  almost  level,  save  where  a  grooTC  is  cut  by  an 
existing  stream.  They  end,  as  Ejerulf  says,  in  an  abrupt  slope, 
often  succeeded  by  another  terrace. 

I  especially  recommend  travellers  to  go  to  Aardal,  and  ascend  by 
loch  and  river  to  see  the  grandest  imaginable  fiedl — the  Mo'ik  Pors. 
In  their  journey  they  will  see  the  terrace  formation  on  a  very  re- 
markable scale,  and  I  hardly  think  they  will  agree  with  Colonel 
Qreenwood.  In  fact,  few  geological  problems  have  so  patent  a 
solution. 

I  shall  at  any  time  be  happy  to  sketch  out  a  route,  embracing 
some  of  the  more  remarkable  terraces,  for  any  traveller  proposing  to 
visit  them. 

Habshaxl  Hall. 

Nbw  UinyBBSiTT  Clxtb,  May  9,  1871. 


CONCRETIONARY  STRUCTURE  IN  PLASTER. 

Sib, — ^The  reference  in  Notes  and  Queries  of  your  April  number 
(page  192),  to  concretionary  structure  in  the  plaster  of  old  walls 
reminds  me  that  years  ago,  when  G.  H.  E.  and  myself  were  colleagues, 
I  used  frequently  to  note  it,  and  he  may  perhaps  remember  seeing 
my  rubbings  and  copies  therefrom. 

Some  of  the  best  of  these  were  obtained  in  partly  ruined  buildings, 
affording  a  little  occupation  during  showers,  eta 

Unfortunately  the  whereabouts  of  drawings  or  notes  is  now 
unknown,  but  I  can  recollect  that  these  markings  were  not  at  all 
uncommon,  and  were  sometimes  very  perfect. 
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The  little  woodcat  giyen  in  your  April  nmiiber  majlM,  rcmgfaly,  a 
fourth  or  a  sixth  of  their  usual  scale,  and  they  appeared  to  be  best 
observable  where  partly  sheltered,  as  if  showing  a  oertain  stage  or 
condition  of  development  or  depth  of  weathering;  to  vdiidi  greater 
exposure  was  unfaYonrable,  cansfng  the  removal  of  whole  patches  of 
the  tracery. 

The  material  seemed  always  to  be  ordinary  mortar,  composed 
of  lime,  sand,  etc;  and  upon  old  walls  that  bad  been  ** puttied," 
i.e,j  covered  with  a  thin  layer  of  smoother,  and  more  calcareous, 
matenal,  they  were  specially  well  preserved,  the  harder  lamins 
relieved,  so  diat  the  original  surfiuse  would  have  served  to  print 
them  from  ;  they  also  occurred  in  rough  plastering  and  in  veiy  old 
ruins,  as  well  as  much  more  modem  structures,  on  damp-loc^ng 
internal  walls  of  churches,  and  such  like  situations ;  an  almost 
invariable  condition  of  their  existence  being  some  sort  of  plane- 
surface,  more  usually  vertical  than  horizontal,  originally  given  to  the 
composition. 

As  a  consequence  of  this  last  observatioD,  probably  originated 
the  idea  which  I  have  often  heard  advanced,  that  the  marks  wen 
due  to  the  rotary  motion  of  the  plasterer^s  arm  causing  a  mechanical 
distribution  of  coarser  and  finer  particles  of  the  plaster,  bat  this  » 
evidently  not  the  case,  the  old  marks  of  the  plastering  tool  being 
sometimes  seen  sweeping  in  broad  curves  across  the  concretionaiy 
pattern. 

The  stnicture  appears  to  result  from  segregation  or  crystallisation, 
or  a  combination  of  both,  set  up  among  the  silidous  and  calcareous 
materials  of  the  plaster. 

Tlie  concentrio  character  of  the  pattern  is  frequently  quite  as 
perfect  as  any  other  concretionary  structure,  but  has  much  less 
tendency  to  interruption  by  breaks  and  shifts  than  is  to  be  observed 
in  agates,  etc.,  of  which  numerous  examples  occur  in  the  beautiful 
plates  adorning  Mr.  Kuskin's  contributions  to  former  numben  of 
your  Journal. 

It  seems  strange  that  I  can  hardly  recall  an  instance  of  the  occur- 
rence of  these  markings  on  the  '^  Chunam "  walls  of  India,  and  I 
have  never  seen  them,  except  in  materials  of  which  lime  formed  a 
considerable  part,  nor  could  I  detect  anything  like  signs  of  com- 
mencement, termination,  or  progressive  production  of  the  structoTBi 

MUKREE,    PuSfJiLB,  "RwvwVAW 
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Supplementary  List  op  Type  Specimeks  of  Fossil  Fishis  b 
THE  liitiTisn  Museum. — Tlie  following  additions  to  the  Type 
Specimens  of  Fossil  Fishes  in  the  British  Museum  were  purchased 
after  the  catalogue  published  in  the  May  number  of  the  Geol.  Ua&i 
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pp.  2(B-216,  was  in  type.    They  appear  to  be  of  snffioient  interest 
to  be  noticed  in  a  supplementary  note  to  that  oatalogae.        W.  D. 

Chondrostoma,  Ae. 

—  minutum,  Winkler,    "Poisi.  Foss.  d'Oeningen,'*  P-  37>  pL  4»   %    I2- 

Miocene.     Oentngen. 
COBITIS,   Ag. 

—  Bredaif  Winkler,  Op.  cit  p.  12.  ib  loc. 
Esox,  Linn. 

—  robustus,  Winkler,  Op.  dt  p.  53,  pi.  5,  figs.  i%  18.  ib.  k>& 
Lbbias,  Ag. 

—  crassus,  Winkler,  Op.  dt  p.  40,  pL  4,  fijp;.  13.  ib.  loc. 

—  furcatusy  Winkler,  Op.  dt  p.  44,  pi.  4,  ^.  15.  ib.  loc. 
Rhodeus,  Ag. 

—  magnui^  Winkler,  Op.  dt  p.  28,  pL  4,  fig.  il.  ib.  loc. 

Notes  on  Diplogbapsus, — ^Mr.  J.  Hopkinson,  F.G.S.,  etc.,  calls 
attention,  in  the  Annals  and  Magazdne  of  Natural  History  for 
May,  to  a  specimen  of  Diplograpsua  pr%$ii$,  showing  reproductiye 
capsules.  He  considers  these  reproductive  organs  to  represent  the 
gonoihec8B  of  the  recent  Sertularian  Zoophyte ;  they  are  developed 
almost  immediately  opposite  each  other  from  each  side  of  the  periderm, 
and  throughout  its  whole  length.  This  specimen  is  of  great  interest 
as  being  the  only  graptolite  with  undoubted  reproductive  organs  yet 
known  to  have  been  found  in  Britain.  The  presence  of  these  organs 
throws  some  light  upon  the  affinities  of  graptolites.  Mr.  Hopkinson 
remarks  that  it  confirms  the  evidence,  whidi  their  internal  structure 
has  already  furnished,  of  their  near  alliance  with  the  Hydroida.  He 
adds,  that  graptolites,  having  true  gonothecsB  as  well  as  hydrothecse, 
are  most  intimately  allied  to  that  order  of  the  Hydroid  Goalenterata, 
known  as  the  Thecaphora  or  Sertularina.  The  specimen  of  JDiplo- 
grapsuB  pristis  was  found  by  the  Geological  Survey  of  Scotland,  at 
Leadhills,  Lanarkshire,  alone  with  a  series  of  fossils  which  parallel 
die  rocks  of  this  locality  with  those  of  Mofiat,  Dumfiiesshire,  and 
with  the  Llandeilo  Flags  of  Wales. 

MiNEBALOQiCAL  NoTiOKS. — Prof,  N.  S.  Maskelyuc  and  Dr.  Walter 
Flight  contribute  some  Mineralogical  Notices  to  the  Journal  of  the 
Chemical  Society  for  January,  1871.  These  include :  1.  On  the 
Formation  of  Basic  Cupric  Sulphates.  2.  Analysis  of  Opal  from 
Waddela  Plain,  Abyssinia.  3.  Notes  on  Franoolite  from  Cornwall. 
4L  On  Epidote  and  Serpentine  from  lona.  5,  6.  On  some  specimens 
of  Yivianite  and  Cronstedtite  found  in  ComwaU,  by  Mr.  Tailing. 
7.  Notes  on  Pholerite. 


Wb  regret  to  record  the  death  of  (Jeorge  Tate,  Esq.,  F.G.S.,  of 
Alnwick,  Hon.  Secretary  of  the  Berwickshire  Naturalists*  Club,  who 
died  on  Wednesday,  the  7th  of  June,  1871,  aged  66  years.  George 
Tate  was  bom  in  1806  at  Alnwick.  More  than  forty  years  since 
he  became  connected  with  the  Mechanics'  Institution  of  his  native 
town,  and  for  upwards  of  thirty  years  he  filled  the  post  of  Hon. 
Secretary.     During  that  long  period  the  Institution  e\iy^^^  ^  oi^x^xv^ 
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of  tmintermpted  and  increasing  prosperity,  and  to  him  more  than 
to  any  single  individual  is  it  owing  that  it  has  heen  the  meani  of 
conferring  such  incalculable  benefit  on  the  town. 

He  was  thoroughly  imbued  with  the  enlightened  and  prc^ressi^ 
spirit  of  the  age,  and  always  held  broad  and  liberal  views  on  the 
great  questions  of  the  day,  and  as  a  member  of  the  Common  CounciL 
and  otlier  public  bodies  in  Alnwick,  he  never  failed  to  take  an  honour- 
able, active,  and  distinguished  part  in  the  aflfairs  of  the  town. 

Penetrated  with  an  ardent  love  of  the  sciences,  he  made  Oeologjr 
his  particular  study,  and  became  the  expositor  of  the  geological 
structure  of  the  Border-country.  With  equal  ardonr  he  gave  hii 
mind  to  Archaeology.  His  learned  and  interesting  treatise  on  the 
''Ancient  British  Sculptured  Rooks  of  Northumberland  and  the 
Eastern  Borders/'  and  the  excellent  papers  on  G^logy  and  Archaeology 
which  he  has  contributed  to  the  ''Transactions  of  the  BerwickahirB 
Naturalists'  Club,"  in  which  society  he  held  the  post  of  Hon.  Secrotazy, 
must  be  well  known  to  many  of  our  readers. 

But  it  is  as  the  historian  of  his  native  town  that  he  has  abhieved 
his  chief  claim  to  distinction.  The  "  History  of  the  Borough,  Castle, 
and  Barony  of  Alnwick,"  the  fruit  of  many  years  of  study  and  pro- 
paration,  was  completed  in  1869,  in  commemoration  of  wluoh  he  wai 
presented  with  an  address,  a  silver  tea  and  coffee  service,  and  a  pom 
containing  100  guineas,  by  his  fellow- townsmen,  aided  by  many 
gentlemen  connected  with  the  district,  and  who  might  be  regarded 
as  the  roprosentatives  of  the  science  of  the  Border-counties,  and  also 
by  some  few  men  of  high  eminence  in  other  parts  of  the  country. 

No  candid  critic  will  deny  the  right  of  this  work  to  take  rank 
amongst  the  best  local  histories  extant,  and  as  a  standard  authority 
that  must  bo  resorted  to  on  all  subsequent  occasions.  It  is  cha- 
racterized by  vast  research,  conscientious  labour,  and  a  sound  critical 
judgment  in  the  weighing  of  facts  and  evidence.  Its  greatest 
merit  is  the  nobility  and  independence  of  soul  which  is  displayed 
throughout 

Mr.  Tate  was  not  only  remarkable  for  versatility  of  mind,  but 
was  gifted  with  great  powers  of  oratory,  and  as  a  lecturer  few  men 
were  his  equal.  A  man  without  ambition,  happy  in  public  esteem, 
and  imbued  with  a  love  for  his  own  native  district,  having  no  claim 
upon  it  for  rank,  wealth,  or  power,  he  was  content  to  live  in  it  all 
his  life,  and  to  devote  himself  to  the  illustration  of  its  history. 

In  appreciation  of  his  eminent  literary'  and  scientific  attainments, 
several  learned  societies  had  accorded  to  him  the  honorary  distinction 
of  Corresponding  Member.  He  joined  the  Geological  Society  of 
London  in  1843. 


Ebkata  in  Geological  Magazine,  June,  1871,  p.  267,  lines  43 
et  sequij  for  "  but  in  the  granitic-felstone  the  rock  is  often  thin,  very 
fine  or  coarse,"  ete.,  ete.,  read  ''but  in  the  granitic-felstone  the 
rock  is  often  in  thin,  very  fine,  or  coarse  bands,  striping  the  rock, 
like  ribbon,  they  differing,  ete.,  etc." — At  p.  247,  line  20  from  foot 
for  " ;  their,"  read  "  .     The". 
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L — On  Voloanos.* 

By  Hbnbt  Woodwabd,  F.G.S.,  F.Z.S.» 
of  the  firitish  Muaeum. 

whatever  part  of  the  world  we  live  we  can  readily  disoover,  by 

ordinary  observation,  that  there  are  two  great  forces  confltantly 

pied  in  remodelling  its  surface,  from  year  to  year,  from  century 

mtury. 

itUe  of  what  they  are  now  doing  can  be  noted  by  us  in  our  life- 

,  or  even  in  the  lifetime  of  our  race ;  but  as  they  have  ceaselessly 

ared  since  our  planet  came  into  existence,  we  can,  by  examining 

narks  they  left  long  since,  find  out  what  each  is  now  doing,  and 

t  they  can  achieve  together,  for  then  they  are  most  potent. 

bese  two  mighty  forces,  Upheaval  and  Denudation,  are  represented 

•Hre  and  Water. 

The  gentle  rain  which  oometh  down  from  heaven"  is  ever 

pied  in  the  task  of  washing  away,  grain  by  grain,  the  dry  land, 

every  brook  and  river  ceaselessly  carries  on  the  same  task ; 
si  the  Sea,  on  every  coast-line,  aims  at  equality — like  a  roaring 
ablican  as  he  is — only,  like  the  ordinary  Hepublican,  he  seeks  ''to 
L  himself  up  "  by  the  degradation  of  his  neighbour,  the  Earth, 
t  reaches  a  level  no  higher  than  his  own. 

ideed,  if  water  acted  as  the  servant  of  denudation  only,  the  Earth 
Id  have  but  a  poor  chance  of  keeping  her  head  above  water ;  but 
down  beneath  the  earth  where  dwell  the  dethroned  Titans,  and 
re  Vulcan  forges  the  thunderbolts  for  Jupiter  (so  at  least  we 
it  at  school),  it  seems  undeniable  that  the  temperature  is  so 
edingly  high  that  any  water  happening  to  lose  its  way  (as  water 
»t  to  do  in  the  dark  among  so  many  chinks,  crannies,  and  cracks), 
getting  down  beneath  its  proper  level,  is  immediately  seized  by 

and  before  it  can  escape  into  the  bright  air  it  is  compelled,  as 
oa,  to  lift  earth- weights,  which  probably,  when  all  are  put  to- 
er,  amount  to  as  much  or  even  more  than  the  drop  of  water 

did  above-ground  in  the  service  of  denudation. 
Tiat  do  we  know  of  the  interior  of  the  earth  ?     How  far  has  man 
L  able  to  pry  into  the  inside  of  the  great  revolving  ball  upon  the 
ide  of  which  he  is  being  carried  around  in  London  at  the  rate  of 
miles  per  hour  ? 

^  A  pap€r  read  before  the  Geologists'  Association,  April  1st,  1870. 

rOL.  YUI.—  NO.  LXXXYI.  ^% 
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Hore  is  a  diagram  to  illastrate  and  answer  this  question.   (Hg- 1.) 


EXPLANATION  OF  DIAGRAM. 

A.     Atmoipliore  InVen  at  GQ  milea. 
c.     llair  tlie  pressure  of  whioli  is  ihoon  at  fiis  milei. 
if.    Uouat  Everest,  the  higliint  knowD  Uud  of  tha  world  in. 

tbe  Hinmliiysi,  29,000  f«eC 
a.    Dfcpett  mma,  BinimeLflint  in   Saiuny,   2,400  foet  i 

OQo   shun   in   Bdsium,   2,7S6   feot ;    Dukinfield 

CoIlJerj,  2,820  feet!" 
h.    Higbeat  balloon  ascunt,  Uewn.  Gluhier  and  Coiwcll, 

ISGS— B}  mllM. 
c.    DeepMt  Bouniii^ig  in  the  oochd,  Lat  30°  iW  S.,  LoBf . 

37°  6'  W.     Soundings  were  found  at  a  deptli  of 

7.706  futhonis,  or  8]  miles.    (A.  Keith  Johostoa'a 

Pb)iictil  Atlas.) 
//.    SoaLeTfll. 

From/,  to  k.  represents  a  lertical  depth  of  fiO  miles. 

Uelting  point  of  iron,  or  2,786°  Fubr.,  a  best  flofficient 

to  fusa  atmobt  GTery  known  snbatunce.  This  colcn- 
latioa  is  fi>undE(l  upon  tlio  aaaumptioD  thU  the 
knoim  inureBfe  of  I'  Falir.  for  ererj  66  feet  of 
depth,  ia  continued  downwards  for  an  indeflniU 
distance,  Sucb  nn  assnmptioD  would  admit  of  a 
solid  crust  upwards  of  30  miles  in  thickness. 


SeldH,  Quart.  Jouni.  Science,  Jinuari,  I 
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THan  diagnun  lepresents  60  miles  only  out  of  the  3,962  milet  &om 
the  exterior  to  the  centre,  which  would  require  a  diagram  nearly 
eighty  timee  as  long  to  expreea.  From  thia  we  oan  easily  perceive 
Uuit  onlees  we  watoh  Nature's  great  ageots  at  work,  and  take  note 
of  her  records,  we  should  know  next  to  nothing  of  the  interior  of 
OUT  globe.  We  are,  in  fact,  lednoed  to  make  the  same  kind  of 
olwervations  which  led  Columbns  to  discover  the  New  Worid ;  we 
most  watoh  the  waife  and  stravB  thrown  up  by  the  tide  from  this 
great  nnknown  region,  7,925  mius  across,  which  divides  us  from  the 


e  evidences  afforded  of  the  condition  of  the  earth's  interior  are 
derived  from — I,  voloanio  products ;  2,  thermal  HpiingB ;  and  3,  the 
observations  we  are  enabled  to  make  of  underground  temperatures. 

fnte  noks  at  the  surface  of  the  earth  are  eyeiywhere  roughly 
dMiiUe  into  Igneona  and  Sedimentary,  i.e.,  produced  by  the  agency 
tii  flie  and  water.  Igneons  depoeita,  like  sedimentary-  beds,  often 
■how  stratifloation ;  often,  too,  they  are  arranged  by  currents  under 
the  sea ;  or  &ey  may  be  arranged  in  layers  subaeriidly. 

The  Sedimentary  rooks  are  lul  deposited  by  water,  either  in  lakes, 
rivers,  or  in  seas. 

All  over  the  world  one  meets  with  conical  looking  mountains,  fre- 
quently surrounded,  more  or  less  completely  by  an  outer  and  lai^er 
cirde  of  olifis,  and  havmg  a  crater  fijrmed  hJallow  within.    (Fig.  2.) 


Fie.  2. — Id««I  Baotran  of  •  Tolcano. 

"When  we  examine  their  struoture,  we  find  they  are  composed  of 
sloping  layers  of  ashes,  cinders,  stones,  pumice,  and  other  loose  ma- 
terials interstratified  with  beds  of  lava  and  other  matter,  evidently 
forced  up  in  a  fluid  state  from  within. 

Some  of  these  mountains  are  still  active,  and  by  seeing  what  goes 
on  at  their  openings  one  can  more  readily  nnde^tand  the  origin  of 
other  similar  hills  now  long  since  silent. 

Taking  a  map  of  the  world  wo  can  trace  out  upon  it  roughly  the 
ohief  volcanic  regions  where  active  eruptions  are  going  on  or  have 
been  seen  in  historic  times.' 

Upwards  of  400  volcoaic  mountains  are  known  to  exist  in  various 

e  Scrope'i  inralnable  work  an  tdIcbhoi',  sc«  uIm- 


340  Henry  Woodward — On  Volcanaa. 

parts  of  the  earth,  more  than  half  of  whidh  have  given  evidence  < 
activity  in  modem  times. 

They  are  distributed  over — 

EKtiMt.  Aettve. 

Europe ^ •• 7  —..•  5 

Atlantic  Islands  14 8 

Africa 3        •  1 

Continental  Asia 25        16 

Asiatic  IsUnds 189        110 

Indian  Ocean 0        6 

Bouth  Sea 40        26 

America    ^....» 120        56 

407  236 

Tn  Europe  we  have  ^tna,  Yesnvius,  Stromboli,  Yoloano,  s 
Santorin  (active);  Ischia  and  Phlegrsdan  Fields  (historic);  A 
vergne  (prehistoric).* 

In  Africa,  the  Cameroons  Mountains,  on  the  West  Coasts  and  oUu 
on  the  Bed  Sea  Coast,  and  in  the  Comoro  Islands. 

India  has  no  burning  mountains ;  but  Barren  Island,  in  the  S 
of  Bengal,  Bourbon,  and  the  remote  Island  of  St  Paul,  axe  aoti 
volcanos. 

In  Asia  tlie  only  volcano  is  that  of  Demavend,  on  the  shores 
tlio  Caspian  Sea,  and  two  reputed  volcanos  in  the  Thian-shan,  a 
nine  in  the  peninsula  of  Kamtschatka. 

Through  the  Asiatic  Islands  a  great  volcanic  belt  extends  fri 
Biriuah  through  the  Andaman  Islands,  Sumatra,  Java,  and  Tim 
thence  turning  northwards  to  Amboyna,  Gilolo,  and  the  Philippin 
then  by  Loo-choo  Islands  to  Japeui,  the  Kurile  Islands  and  Kam 

chatka. 

Here  in  this  region  there  are  above  100  active  volcanos. 

Through  the  South  Sea  Islands,  whenever  any  rock  is  visible  it 
of  volcanic  origin,  but  in  all  this  great  region  there  are  fewer  smc 
ing  volcanos  than  on  the  single  island  of  Java.  The  active  vei 
occur  in  the  Sandwich  Islands,  New  Guinea  group.  New  Hebrid 
and  New  Zealand,  and  in  the  Friendly  Islands. 

The  Western  Coast  of  America,  from  the  Aleutian  Islands  and  \ 
recently  ceded  Eussian  American  territory  to  the  Southern  extrem 
of  the  Continent  and  Tierra  del  Fuego,  I)re8ent8  the  most  stupend< 
line  of  volcanic  rocks,  cones,  craters  iind  other  indications  of  subt 
ranean  j)lieuomena  in  the  whole  world.  One-fourth  of  the  kno' 
active  volcanos  are  found  in  it.  No  volcanos  are  found  on  the  east< 
coast  of  America,  but  in  the  West  Indies  there  are  three  active  ve 
in  the  Lesser  Antilles. 

Volcanos  occur  mostly  in  tropical  regions,  few  exist  more  tl 

1  In  Auvcrgne,  on  the  side  of  Mount  Denisc,  near  Lc  Puy,  two  human  akelcl 
were  fouinl,  to«:other  witli  boues  of  Elcpha^^  Bhinoccron,  Ctrvu*,  etc.,  imbedded 
volcanic  matter,  ubowing  that  man  in  his  early  state  waa  in  the  country  prior  to 
extinction  of  these  craters.    (Scrope.) 
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80°  from  the  Equator,  but  to  this  rule  there  are  ezoeptiona ;  for  amid 
Arctic  and  Antarotio  snows  Uaze  fortlH— 

Jan  Hayen,  at  the  North  Pole   M74ft. 

Heck  in  Iceland,  „  „ 6,110 

Mount  St,  Eliai,  Noitii  America   „ ir,S60 

Kmmtidiatka,  in  North  ilia  16,783 

TusDoki,  New  Zealand,  in  the  Sonlli  Sea    8,840 

Ne*  Sonth  Shetland!,         „  „  

Bt.  Panl  „  „  

Erebna,  Antaretio „ _ 12,400 

The  prodacts  of  volcanio  action  are  most  TarionB,'  and  are  either 
thrown  into  the  air  by  the  explofiive  gases  and  vaponrB  whiob  ac- 
company a  Toloanio  eruption,  and  fall  as  duat,  aahea,  soorite,  and 
atones;  or  are  poured  out  in  a  stream  of  melted  rook  from  the 
Bnmmit,  or  more  generally  the  flanks  of  the  volcano. 

In  eonseqnence  of  the  explosive  force  being  directed  nearly  verti- 
cally, and  tha  ashes  falling  on  all  sides  equally  round  the  aperture, 
the  faiOB  of  BooriiB,  ashes,  etc.,  accumulated  roimd  a  volcanic  vent  are 
always  conical.  Whether  lava-ourrenta  iatoe  firom  the  apex  or  the 
side,  they  merely  cause  a  slight  irregularity  in  figure;  but  a  new 
explosive  vent,  opening  towards  the  base  of  the  mountain,  may 
throw  up  a  new  hill  (aee  Fig.  i,  p.  342).  Thus  several  cones  on 
the  flanira  of  ^tna  have  been  thrown  up  in  the  Val  del  Bove,  a  great 
excavatioQ  in  the  side  of  its  ctxie. 


Fio.  3. — Cone  of  Cotopaii ;  aeon  from  8  distance  of  30  miles. 

The  cone  of  Cotopaxi  (I8,875ft.  in  height  above  the  sea),  in  the 

>  The  following  gueew  and  other  pi«duct*  ba*e  been  oheerred  as  emanating  from 
rolcanoa : — 


HjdrDgen. 
Snlphnretted  Hydrogen. 
Bnlphmons  Add. 
Carbonic  Acid. 
Nitrogen. 

Chlonde  of  Sodium. 
Chloride  of  PotasaiMin. 
Chloride  of  AmmoDium. 
Snlphnr. 


Sand. 
Lapilli. 

Veeiculor  I^va. 

Obaidian. 

Basalt. 
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Andes  of  Fern  (Fig.  3),  is  an  example  of  this  extreme  and  bMiiliiiDl 
regularitj  on  the  largest  and  most  striking  acala.  Tba  dxmag 
from  wliicli  this  ekotch  is  made  was  taken  b;  Godfiey  Yigne^  Eiq^ 
who  visited  tho  spot  a  few  jeaxs  ago. 

Another  instance  is  that  of  tin  cone  of  Uonnt  Walliiigtoii,  nat 
Auckland,  New  Zealand  (Fig.  i). 


Fio.  4.— BirfVeje  yiew  of  Moant  Wellington,  new  AncUsnd,  New  Z 
(From  Hochatetler'B  Hew  Zealand.) 

{o}  Ancient  cone,  paitlf  deatrojrtd  bj  (n)  modna  cone,  vhioh  faM  MStt  forth  tit 
latu-atTeam  {I), 

But  we  have  manj  craters  without  cones.    The  crater  of  ^^^^^"«*I 
in  Hawaii  (Fig.  i>),  exhibits,  on  a  much  Ui^er  eeale  than  aayothec 


Fio.  C— View  of  the  Crater  of  EilanCa,  Hewe 
active  volcano,  a  lake  of  liquid  lava  four  miles  in  diameter,  more  oi 
less  crusted  over  on  the  exposed  anrfaoe,  throagh  which  at  sevenl 
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points  Tolnmes  of  vapour  burst  upwards  with  jets  of  highly  Tisoous 
matter,  which,  on  cooling,  take  ihe  form  of  vitreous  filaments  or 
BooriflB.     (See  woodcut,  Tig.  5,  page  842.) 

This  is  a  flanking-crater  to  the  old  volcanic  cone  of  Mauna-LoiL 
It  is  4000  feet  above  the  sea,  and  about  four  or  five  miles  in  its 
longest  diameter.  The  whole  mass  is  never  agitated,  save  before  a 
discharge  of  lava,  which  rises  from  a  vent  eight  miles  east  of  the 
great  basin,  and  descends  in  a  rapid  manner  for  4000  feet  to  the  sea. 
In  1840  it  flowed  at  the  rate  sometimes  of  five  miles  per  hour  I  The 
ordinary  rate  is  less  than  half  a  mile. 

It  boils  up  in  this  enormous  cauldron-like  lake  often  15  feet  above 
the  rim  and  cascades  over  in  places;  but  being  very  viscid,  this 
seldom  occurs.  Pools  and  lakes  of  fluid  lava  cover  the  surface,  and 
oraterets  30  or  40  feet  high  also  are  seen  emitting  vapours  and  lava. 
The  date  of  the  last  eruption  was  1868. 

In  visiting  Ealauea  in  1864,  Mr.  T.  Brigham  writes : — ^ 

''As  soon  as  our  men  came  up  with  the  blankets,  we  engaged 
guides,  and  went  down  into  the  crater.  The  descent  was  steep  and 
winding,  and  we  passed  over  several  terraces,  which  were  the  result 
of  a  sinking  or  falling  in,  as  they  were  inclhied  and  much  broken, 
and  came  under  the  grand  pali  of  compact  lava.  A  descent  of  more 
than  400  feet  brought  us  to  the  bottom,  and  we  stepped  from  a 
gravelly  shelving  bcuik  on  to  a  black  lava  which  had  broken  out  last 
year  under  the  north  bank,  and  overflowed  this  end  of  the  crater. 
Where  it  touched  the  gravel  bank  it  had  glued  to  its  under  surface 
the  small  fragments  of  stone,  but  had  not  altered  their  appearance, 
and  all  along  the, edge  it  was  cracked  and  laid  up  on  the  bank  as  if, 
on  cooling,  the  lava  had  fallen  about  a  foot.  The  surfoce  was  covered 
with  a  thin  scaly  vitreous  crust,  which  crumbled  beneath  the  tread, 
sounding  like  snow  on  a  cold  morning,  and  thus  a  very  distinct  path 
was  made  to  Halemdumau,  the  enduring  house  of  the  goddess  Pele. 

''  The  lava  beneath  this  crust,  however,  was  so  hard  as  to  give  out 
abundant  sparks  as  the  nails  in  my  shoes  scratched  upon  it.  When 
hard  it  was  often  iridescent,  like  some  anthracite  coal,  and  so  closely 
resembling  this  mineral  that  the  difference  would  hardly  be  detected 
by  a  cursory  examination.  The  fresh  lava  exactly  resembled  that 
from  Mauna-Lo2t  in  the  flow  of  1859. 

''  Three-quarters  of  a  mile  over  this  uneven  lava,  and  we  came  to 
a  long  wail  composed  of  fragments  of  all  sizes  and  shapes,  very 
solid  and  heavy,  and  full  of  small  grains  of  olivine ;  and  this  wall, 
which  is  concentric  with  the  main  wall  of  Eilanea,  is  said  to  rise 
and  fall,  and  sometimes  disappear,  which  seems  to  be  a  fact,  although 
no  one  has  ever  seen  it  in  motion.  It  is  the  fragments  broken  from 
the  edge  of  the  crater  by  an  eruption,  and  floated  out  to  their  present 
position.  An  unpractised  eye  would  see  no  marks  of  fire  on  the 
rough,  granite-like  masses. 

"Caves,  cracks,  and  ridges  make  the  surface  very  uneven,  and 
after  walking  two  miles  we  came  to  several  large  cracks  of  great 
depth,  but  not  more  than  a  yard  wide,  and  then  a  wall  inclosing  an 
amphitheatre,  down  which  we  climbed  on  the  loose  slabs  of  la^^ 
^  Boston  Academj  of  Katnnd  SdenMi,  T3.B.  Kmiw\<iiu 
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'*  When  we  were  near  the  Halemaumau,  we  came  to  a  oone  formed 
of  Ri>attered  lava  and  cemented  Bcoriae,  some  25  feet  high,  with  t 
bright  light  at  its  apex ;  this  was  the  first  fire  we  had  seen,  but  we 
passed  by,  eager  to  reach  the  great  lake.  This  we  accomplished 
after  ascending  a  gradual  incline.  It  was  about  800  feet  in  diameter, 
and  the  laxti  was  50  feet  below  the  cliff  on  which  we  stood,  covered 
with  a  dsirk  cnist,  which  was  broken  aroimd  the  edges,  and  there 
the  blood-red  lava  was  visible,  surging  against  its  walls  with  a  dnll, 
sullen  sound.  The  smoke  was  blown  away  by  the  wind,  so  that  we 
were  able  to  stand  on  the  very  verge  of  the  pit,  but  the  heat  was  so 
great  that  we  were  obliged  to  hold  our  hands  before  our  faces. 

"  The  walls  on  which  we  stood,  and  where  we  intended  to  sleep, 
were  thickly  covered  on  the  side  towards  the  pit  with  waving 
woolly  Pole's  hair,  which  we  saw  formipg  cuntintudly.  The  drops 
of  lava  thrown  up  drew  after  them  the  glass  thread,  or  sometimes 
two  drops  spin  out  a  thread  a  yard  long  between  them,  and  the 
'hair*  thus  formed  either  clings  to  the  rough  sides,  or  is  blown  over 
the  edge,  where  it  catches  on  any  projecting  point.  The  drops  are 
always  black,  or  a  very  dark  green  on  the  surface,  but  light  greoi 
within,  porous,  and  excessively  brittle,  and  the  thread  is  transparent, 
and  when  first  formed  of  a  yellow  or  greenish  colour. 

''  Occasionally  a  crack  would  open  across  the  lake,  and  violent 
ebullitions  commence  at  various  points  of  its  surface.  There  were 
two  small  islands  in  the  lake,  which  the  lava  seemed  seeking  to 
destroy.  The  current  would  often  set  in  towards  the  banks,  and  it 
appeared  as  if  the  whole  mass  was  about  to  be  drawn  in,  as  cake 
after  cake  bix>kc  off  from  the  surface  and  disappeared,  but  it  would 
soon  cease,  and  then  run  towards  another  point  of  the  wall,  and  I 
could  not  see  that  it  was  oflener  on  one  side  than  another.  As  a 
cake  of  lava  parted  from  the  crust,  the  red  lava  rose  above  the  crack, 
ninning  on  the  surface,  and  as  the  crack  grew  wider,  cooling  rapidly, 
and  being  drawn  out  much  like  molasses  or  candy. 

"  Whilst  white  hot,  the  lava  was  as  liquid  as  water,  but  it  rapidly 
assumed  the  viscid  condition,  and  then  the  solid.  I  threw  a  stick  of 
dry  wood  on  the  surface,  which  instantly  became  fixed,  after  a  violent 
bubbling,  and  it  was  ten  minutes  before  any  smoke  appeared,  and  it 
was  only  when  a  crack  opened  under  it  that  it  was  consumed.  The 
motion  was  always  from  the  centre,  except  when  the  lava  was  thrown 
back  in  spray  from  the  caverns  which  extended  under  much  of  the 
wall. 

*'  We  laid  down  in  our  blankets  on  the  eastern  edge,  where  the 
walls  were  liighest  (and  the  wind  drove  away  the  smoke),  and  here 
soon  fell  asleep. 

"  About  nine  o'clock  I  got  up  and  moved  to  the  very  edge  of  the 
pit  to  view  the  molten  mass  to  better  advantage,  and  warm  myself, 
as  the  wind  was  quite  cold.  The  moon  was  up  and  almost  full,  but 
her  orb  was  pde  beside  the  fires  of  Pele. 

"  Fhiding  the  place  quite  comfortable,  I  lay  down  and  went  to 

ip.     At  twelve  I  awoke  with  a  start,  and  found  myself  in  the 

of  a  shower  of  fiery  drops,  some  of  which  were  burning  my 

9t     I  shook  myself  and  ^xmip^d  )q%k^,  XooVdii^  at  my  watch 
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to  note  tiie  time,  for  I  thought  a  great  eniption  at  band,  and  then 
Btood  gazing  at  the  strange  acene  for  acme  time  befaie  I  thought  of 
calling  my  oompanions. 

"  'The  whole  enrfaoe  of  the  lake  had  risen  several  fset,  and  was 
boiling  Yialently,  and  dashing  against  the  sides,  throwing  the  red- 
liot  spray  high  over  the  banks,  causing  the  providential  rain  of  fire 
which  awoke  me  to  see  this  grand  display.  Theie  was  no  noise, 
except  the  dash  and  sullen  roar.  When  I  ooold  think  of  any- 
thing else  I  called  the  others,  who  were  asleep  several  rods  from 
me,  bat  I  only  suooeeded  in  awakening  the  guides,  and  just  then  a 
drop  oame  plump  on  to  a  greasy  paper  we  had  brought  our  supper 
in,  and  it  blazed  up  so  suddmily  that  one  of  the  Kant^as  thought  it 
a  new  jet  opening  at  onr  feet,  and  ran  off  to  some  distance.  Failing 
to  arouse  my  companions  by  calling,  I  threw  a  handful  of  small  stones 
at  them,  but  withont  eSiect,  and  I  had  to  climb  down  and  shake  them 
roDghly.  When  they  had  got  to  the  edge,  the  action  had  greatly 
dimmished,  and  in  a  few  minutes  more  the  dark  crust  again  covered 
the  central  portion,  and  we  all  went  to  sleep." 

If  we  compare  the  Islands  of  Santorin  witti  those  of  Hawaii,  we 
•hall  readily  be  able  to  perceive  a  striking  resemblanoe  between  the 
two  groups.     (Figs.  6  and  7.)     Santorin  was  in  active  eruption  so 


Apbroeau  and  George  in  ■  itate  of  enqrtion,  Febnurj,  18SS. 
N.    L. 
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lately  u  in  1666.  We  may  alao  compare  the  Island  of  Hun  wid 
tiiat  of  St  FanL 

Graham's  IsUnd  is  a&otlier  illnstration  of  a  nb-maiiiM  voloua 
This  island  made  its  appearanoe  July  10th,  1831,  off  the  Sontli-WMt 
ooaet  of  Sicily.  It  waa  then  12  feet  above  water ;  on  the  lOdi  of 
August  it  bad  attained  the  height  of  800  feat ;  bnt  beinf  oompond 
of  loose  sooris  and  cinders,  and  having  no  lava  to  solidly  its  oona, 
it  began  to  be  rapidly  destrojed  and  washed  away  '\tg  tlw  aaa,  and 
has  now  entirely  disappeared. 

The  products  of  voloanio  ernptionfl  may  be  Ton^ily  divided  into 
Kdid,  liquid,  and  gaseooB.  Of  the  solid  matter  thnwn  out  &va 
voloanio  vents  may  be  ennmetated  "Toloanio  Bomba,"  "Soorus"  (at 
oindera),  "Lapilli"  (or  gravel),  "Ponuolana"  (or  sand),  "Pomne," 
and  "  Ceneri"  (ashes). 

Of  the  liquid  matter  poured  ont,  either  &om  the  orater  itnlf  ei 
from  rents  in  its  aides,  we  have  tbe  snbetanoe  oalled  "  Lava,"  wfaicli, 
when  solidified,  may  be  either  Basalt,  Obsidian,  or  Tesioalar  Lava, 
depending  upon  the  condition  under  which  it  cools,  or  the  tempera- 
tnre  at  which  it  is  ejected. 

Basalt  is  lava  solidified  nnder  pressure;  it  frequently  pujiuli 
the  condition  of  "Columnar  Basalt^"  as  in  the  AnvergtM^  Stafl^ 
Antrim  (Fig.  8),  New  Zealand,  etc 


The  most  glassy  and  eemi-translucent  varieties  of  lava  are  known 
by  the  name  of  " Obsidian, "  or  "Voloanio  Glass,"  and  oocor 
abundantly  in  Iceland,  the  Lipari  Islands,  Moont  Ararat,  and  Mexico. 

Lai^  tracts  in  Mexico  (called  Ualpais)  are  ooverod  with  ■■  Obsi- 
dian," and  of  it — as  did  our  prehistoric  ancestors  from  the  oholk-fiints 
in  Britain — the  worshippers  of  the  snnmanu&ctured  their  knives,  eta, 
which  were  still  in  use  at  tiie  time  of  liie  Spanish  oonqneat  (1518). 
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Of  tlie  gaseons  enuuutioiis  iroTn  Tolcanio  Tenfs  may  be  ennmereted 
snlphoretted  hydrogen,  aulphnrons  add  gas,  Iiydroohlorio  aoid, 
nitrogen,  and  oarbonio  add  gaa. 

But  water,  as  steam,  is  oert^nly  die  most  abundant  snbrtanoe 
prraent,  as  it  is  also  the  moat  active  agent  in  all  voloanio  oat-bursts, 
and  may  even  be  (as  Mr.  Scrope  has  suOTKwed)  the  oaoae  of  the  flow 
of  lava  streams.  We  know  that,  in  cooling,  lava  gives  off  an  im- 
mense volume  of  steam,  and  aim  Utat  the  vesionlar  cavities  in  lava 
are  caused  by  il 

In  all  voloanio  emptJons  water  appears  to  be  pns^it  also  in  a 
liquid  state,  and  is  frequently  ejected  dtuiiiK  voloanio  emptions  in 
vast  quantities.     This  may  arise  &om  three  different  eanses : — 

(1)  It  may  be  ^eoted  from  the  eutli's  interior  with  other  volcanic 
matter;  or, 

(2)  Item  the  melting  of  anowa  on  the  sides  of  the  crater ;  or, 

(3)  By  the  dischaige  of  rain-wat»r  aooomnlated  in  the  orater 
dnring  a  period  of  repose. 

The  volcano  of  d'Agua  in  Qnatemala  is  a  perfectly  oironlar  cone, 
moretbui  11,000  feet  high.  From  it  deeoended,  in  1641,  a  torrent  of 
water  (tibe  contents,  no  doabt,  of  a  orater-lake  on  the  summit) ,  whiob 
deetroyed  the  old  town  of  Goatemala,  since  removed  to  a  new  site. 

Living  fish  and  alligators  were  observed  in  a  crater  near  the  lake 
of  Nicaragoa,  by  Dr.  C.  Carter  Blake. 

Wherever  the  tropical  rainfall  is  large,  or  the  height  of  the 
mountain  condenses  the  snows  npon  its  sides  and  oiater,  an  eruption 
is  sure  to  be  preceded  by  a  "  mud  debacle ;"  miles  of  country  are 
thus  devastated  and  destroyed.  The  volcanos  of  Kilauea,  Central 
America,  South  America,  and  Java,  well  illoetrate  this. 

In  1766  ^tna  sent  a  sudden  flood  of  water  into  the  Val  del  Hove,  the 
volume  of  which  in  one  mile  was  estimated  at  16,000,000  oubio  feet 

Of  the  magnitude  of  lava  streams,  that  which  buret  forth  from  the 
Skapt&r  Jokul  in  Iceland,  in  1783,  continued  to  flow  for  two  years. 


Fra.  9.-^;nt«reti  on  tin  laTa-ttTMin  of  1783.  SkipUr  Joknl,  leeUad. 
It  fiUed  up  the  rocky  beds  of  liveis  to  a  depUi  of  600  feet  by  200 
feet  wide,  and  spread  out  in  the  plains  12  to  15  miles  wide,  and  100 
feet  deep  I  The  two  principal  streams  were  respectively  40  and  60 
miles  in  length,  forming  a  moBS  suipassing  Hont  Blono  in  magnitude. 
The  waters  of  springs  being  suddenly  oonveited  into  n^aun  ion&fi&. 
oratents  over  the  lava  stream  30  feet  high.     (Tig.  ^."^ 
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Heat  may  be  retained  in  parts  of  lava  streams  for  a  period  of 
twenty  years. 

From  the  crater  of  Galongoon,  in  Java,  in  1822  (after  an  earth- 
quake shock),  was  vomited  out  immense  columns  of  boiling  water, 
mud,  steam,  brimstone,  ashes,  and  lapilli,  in  such  mass  and  with  such 
violence  as  to  fall  40  miles  distant  The  valleys  were  all  fiUed ; 
24  square  miles  were  covered  to  a  depth  of  more  than  100  feet  (m 
places)  with  hot  blue  mud,  burying  houses,  villages,  and  peo]^ 
The  second  eruption  followed  (preceded  by  terrific  rains),  aooom- 
panicd  by  hot  water  and  mud,  and  great  blocks  of  basalt  were 
thrown  seven  miles !  One  side  of  the  crater  was  rent  away,  new 
hills  and  valleys  were  formed,  and  two  rivers  changed  their  courses. 
In  one  night  2,000  persons  were  killed ;  altogether  the  official  return 
shows  114  villages  destroyed,  and  above  4,000  persons  killed.^ 

In  January,  1808,  all  the  snows  were  dissolved  off  Cotopaxi  in 
one  night,  causing  vast  deluges  of  mud  to  descend,  with  great  de- 
struction to  the  region  around. 

The  deluges  cause^l  by  lake-craters  probably  exceed  in  magnitude 
and  dcstructiveness  those  of  lava-streams. 

In  1797  a  mud-debacle  poured  from  Tunguragua,  in  Quito,  filled 
a  valley  1000  feet  wide  to  the  depth  of  600  feet  Many  small  fish 
were  ol)served  enveloped  in  the  mud.  No  doubt  the  fossil  fishes 
and  insects  found  at  Oeningcn  were  brought  down  from  an  old  crater- 
lake  by  A  Miocene  volcano.  Similar  deposits,  also  of  volcanic  origin, 
rich  in  fossil  fishes,  are  found  at  Aix,  in  Provence. 

llio  volcano  of  Imbaburu,  in  1691,  vomited  forth  so  many  fishes 
that  it  bred  fever,  from  the  stench  caused  by  their  decom|X)sition, 
and  that  of  other  animals  destroyed  by  the  debacle. 

The  distance  to  which  the  sound  of  volcanic  explosions  is  trans- 
mitted, and  the  fine  ashes  scattered  by  the  currents  of  the  air,  is 
truly  wonderful.  "On  the  night  of  30th  April,"  writes  Professor 
Dove,*  "  explosions  like  those  of  heavy  artillery  were  heard  at  Bar- 
badoos,  so  that  the  garrison  at  Foil;  St.  Anno  remained  all  night 
unilor  arms.  On  May  Ist,  at  daybreak,  the  eastern  portion  of  the 
horizon  appeared  clear,  whilst  the  rest  of  the  firmament  was  covered 
l)y  a  black  cloud,  which  soon  extended  to  the  East  and  quenched  the 
light  th(^re,  and  at  length  produced  a  darkness  so  dense  that  the 
windows  in  the  rooms  could  not  be  discerned.  A  shower  of  ashes 
descended,  under  which  the  tree  branches  bent  and  broke.  Whence 
came  these  ashes  ?  From  the  direction  of  the  wind  we  should  infer 
that  they  came  from  the  Peak  of  tlie  Azores ;  they  came,  however, 
from  the  volcano  of  Mome  Garou,  in  St  Vincent,  which  lies  about 
100  miles  West  of  liarbadoes.  The  ashes  had  been  cast  up  with 
such  force  as  to  enter  into  the  current  of  the  upper  trade- wind. 

"  A  second  example  of  the  same  kind  occurred  in  January,  1835. 
On  24th  and  25th  the  sun  was  darkened  in  Jamaica  by  a  shower  of 
fine  aslies,  which  had  been  discharged  from  the  mountain  Coscgnina, 
800  miles  distant,   llie  people  learned  in  this  way  that  the  explosions 

*  Van  dcr  Boon  Mcsch,  in  Lyeirs  "  Principles  of  Geoloer,"  vol.  ii.,  p.  66. 
'  Dove,  Prof.    IVitterungs  YerhaltniBse  von  Berlin,  in  Tyndall's  **  Heat  aa  a  Mode 
r  Motion,"  p,  166. 
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preyionslj  heard  were  not  those  of  artillery.  These  ashes  could 
only  have  been  carried  by  the  upper  current,  as  Jamaica  lies  North- 
east from  the  mountain.  The  same  eruption  gives  also  beautiful 
proof  that  the  ascending  air  current  divides  itself  above,  for  ashes 
fell  upon  the  ship  Conway,  in  the  Pacific,  at  a  distance  of  700  miles 
South-west  of  Oosegnina. 

''  The  roaring  of  Coseguina  was  heard  at  San  Salvador,  a  distance 
of  1,000  miles.  Union,  a  seaport  on  the  West  coast  of  Conchagua, 
was  in  absolute  darkness  for  43  hours ;  as  light  began  to  dawn  it 
was  observed  that  the  sea-shore  had  advanced  800  feet  upon  the 
ocean,  through  the  mass  of  ashes  which  had  fidlen. 

''  ThQ  eruption  of  Mome  Garou  forms  the  last  link  of  a  vast  chain 
of  volcanic  actions  accompanied  by  earthquake  shocks.  In  June  and 
July,  1811,  near  San  Miguel,  one  of  the  Azores,  the  island  Sabrina 
rose,  accompanied  by  smoke  and  flame,  from  the  bottom  of  the  sea,  150 
feet  deep,  and  attained  a  height  of  3()0  feet  and  a  circumference  of  a 
mile.  The  small  Antilles  were  afterwards  shaken,  and  subsequently 
the  valleys  of  the  Mississippi,  Arkansas,  and  Ohio,  but  the  elastic 
forces  found  no  vent ;  they  sought  one,  then,  on  the  North  coast  of 
Columbia.  March  26th  began  as  a  day  of  extraordinary  heat  in 
Caraocas ;  the  air  was  clear  and  the  firmament  cloudless.  It  was 
Ghreen  Thursday,  and  a  regiment  of  troops  of  the  line  stood  under 
arms  in  the  barracks  of  the  quarter  of  San  Carlos,  ready  to  join 
in  the  procession.  The  people  streamed  to  the  churches.  A  loud 
subterranean  thunder  was  heard,  and  immediately  afterwards  followed 
an  earthquake  shock,  so  violent,  that  the  church  of  Alta  Gracia, 
150  feet  high,  borne  by  pillars  15  feet  thick,  formed  a  heap  of 
crushed  rubbish  not  more  than  6  feet  high.  In  the  evening  the 
almost  full  moon  looked  down  with  mild  lustre  upon  the  ruins  of 
the  town,  under  which  lay  the  crushed  bodies  of  upwards  of  10,000 
of  its  inhabitants.  But  even  here  there  was  no  exit  granted  to  the 
elastic  forces  underneath.  Finally,  on  April  27th,  they  succeeded 
in  opening  once  more  the  crater  of  Mome  Gsirou,  which  had  been 
closed  for  a  century,  and  the  earth,  for  a  distance  equal  to  that  from 
Vesuvius  to  Paris,  rang  with  the  thunder-shout  of  the  liberated 
prisoner." 

The  eruption  of  Vesuvius  in  1794  was  the  most  formidable  known 
in  the  history  of  this  truly  classical  crater.^ 

On  the  evening  of  June  15th  violent  earthquake  shocks  were  felt, 
and  a  sudden  outburst  of  lava  in  the  Pedimentina,  among  the  re- 
mains of  the  earlier  currents,  occurred  at  two  p.m.  A  fissure  2,375 
feet  long  was  produced,  from  which  the  lava  issued  for  the  space  of 
237  feet  in  breadth,  throwing  up  four  crateriform  cones,  each  of 
which  ejected  red-hot  stones  in  quick  succession,  so  as  to  appear  like 
one  continuous  outburst  The  showers  contained  really  fluid  lava 
(similar  to  the  lava  fountains  seen  in  the  Hawaian  Islands). 

1  A  most  valuable  and  interesting  account  of  Vesuvius  was  read  before  the 
Geologists'  Association,  b^  the  now  Honorary  Secretary,  J.  Logan  Loblej,  Esq.,  F.G.S., 
in  1868,  giving  not  only  its  history,  but  a  description  of  a  personal  visit  paid  during 
the  last  eruption.  This  has  since  been  published  in  a  separate  form,  by  £.  Stanforc^ 
Charing  Cross,  with  illustrations,  and  a  list  of  all  the  miueralft  botk  ol  ^T&s&a.  v^ 
VesuTiiu. 


^l.NO  Hfnrjf  IToorfMYirrf— On  Vokanoi. 

V*.','^  \%\sk  *»«\Ms)  fiN^m  15  mouths,  and  ran  towazds  Portici  and 
);,<«L  .^  v.*.  i«N^  »ii^'uns.  and  the  inhabitants  of  Tone  del  Greco 

x^  ^  v;  V,  v.vt»  -re  tor  thoir  neighbours)  rejoiced,  and  gave  thanks  in 
0>'  ,.:  ■  -N  '.  ,^^  t,vi  ihoir  own  eavape.  But  these  two  streams  stopped 
v^v-...    ...-/   i)'^  wiiin  boily.  after  all,  rushed  towards  the  sea.  right 

>  •  .  ^^  ;N/  TNvr  town  of  Torre  del  Greco  (which  had  hoped  to 
^^,..  C     ..:%^n\!iug  a  fieiT  front  of  1,500  feet    It  oontinu^  and 

.. ',  v  :  V  :«*NW  advancing  into  it  until  the  17th  inst  The  distance 
'r.  o.  V.  .  ;;:Ic!'t  to  the  sea  margin  L»  12,961  feet,  which  was  traversed 
>,    V,   ^\.i  in  six  hours. 

s  \  ^  >*^  eruptions  of  Vesuvius  occurred  from  a«d.  79  to  1868. 

^   .  .  «v*  I  ho  first,  in  a.d.  79,  was  the  great  historical  eruption  when 

*  *  .«  -.ho  olilor  lost  his  life,  and  half  of  the  old  crater  of  Somma 
^  *%  VU'wu  rtwny.  It  was  this  which  destroyed  Herculanenm,  which 
.o«k  '.uNi  l>ii  1*10(1  under  six  outbursts  of  ashes,  liquid  mud,  and  lava. 

*  v«  <«i(Uii(i*d  uiidiif  t]io  moilem  town  of  Eesina,  and  harder  to  dig 
s  i  \Um\  l*<>in[)nii,  which  was  overwhelmed  by  an  eruption  of  dxy 
^v>.«Nt  nnil  lapilli*  Stabite,  the  furthest  distance  removed*  was  buried, 
^«(  not  HO  utterly  destroyed,  by  an  eruption  of  dry  ashes  and  lapilli 
,•41 1\      riiny  tho  younger  witnessed  this  eruption. 

^.ii.  17:2.  -  Ashes  from  Vesuvius  were  spread  over  Europe  as  far 
4,  i\iiiHtiiiiiiiK»plo,  causing  terror  to  the  inhabitants,  who  keep  up 
iho  aiiiiivt*rHury  on  the  8th  of  November. 

All  Ifi.'M.  Diirkm.'RS  and  great  agitation  of  the  sea.  Ashes  feU 
i(  i*iiiiMliin1iiiniilo.  Torrents  of  rain  ami  mud  descended,  with  stones, 
»Jnui.  ntul  vapnur,  nccoiii])iuued  by  seven  streams  of  lava.     Torre 

,1^,1  («r ,  lirNina,  (jraiiatollo,  and  Poi-tici,  were  all  destroyed,  and 

tS.O(M)  jiiTNoiiH  an^  Kaid  to  have  perished. 

A. II.  isiiii.  —  lOi^lit  liundrcd  feet  of  the  modem  cone  was  blown 
i«\\itv,  ninl  a  gritat  dJHohargt^  took  ])1nco  of  ashes  and  vapour. 

|«'iii-  I'lirMuM'  acM'niints  of  Vesuvius,  see  Scropo's  grand  works  on 
voli'HiinN.  and  rn»f.  rhillii)8*  and  Mr.  Loldey's  works  on  Vesuvius. 

Tn  IhoHiMind  U)  Sir  Cliarles  LyolFs  "Principles"  we  are  largely 
liidnliiiMJ  lor  iiioNt  of  tlio  faots  here  recorded. 

Any  aiMMtuiit  of  voloiiuos  and  volcimic  phenomena  would  be  in- 
tmiiiplrl«»  wilhiMil.  Homo  roforonoo  to  Hot  or  Tliermal  Springs.  These 
HprioK^  an*  laimt  abundant  in  volcanic  districts,  but  are  often  met 
Willi  lnr  away  fiimi  tin*  fori  of  disturlmnce.  Tlieir  waters  are  more 
voliiiiiinunN  and  Iohh  varialdo  than  those  of  onlinary  springs. 

JoIm  of  Ntoain,  oidliMl  by  tho  Italians  **Stufa8,"  issue  at  tempera- 
liM'itM  far  aliovo  llio  boiling  itoint  near  Naples,  and  in  the  Lipari 
Uhm.  and  aro  diHi*ngagod  for  agi's  unceasingly. 

tn  old  voliMHiio  rogions.  as  oontral  France,  the  Eifel  in  Germany, 
ii!o.,  In>t  HpringH  an*  fnspiont.  Thoy  all  give  off  abundance  of 
giiM*N.  and  oontain  «*artliy  matter  in  solution  in  great  quantities, 
oorii'Npondiitg  in  «*liaraotor  with  tln^so  evolved  by  volcanos. 

Tlio  liol  widl  of  lUlli  is  an  illustration  of  a  thermal  spring  far 
niiunvod  fiom  any  oxinting  fovxw  of  volcanic  energy,  being  400  miles 
fh)in  tho  Kifol.  and  I  It^  from  tho  Auvorgno.  It  gives  off  250  cubic 
(jgtftitf  itilc^igt^i^  i;<M  diiity,  A  oousiderublo  quantity  of  carbonic  acid 
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gafi,  sniphaies  of  lime  and  soda,  and  chlorides  of  sodium  and  magne- 
sium. The  discharge  of  water  and  mineral  ingredients  is  cJike 
uniform  and  constant  from  century  to  century.  The  temperature  re- 
mains constant  at  120^  Fahr. 

These  Baths  were  well  known  to  tiie  Bomans,  and  the  old  Sana- 
torium of  Aquaa  Solis  is  still  marked  by  many  Boman  remains. 

If  the  solid  matter  brought  up  in  solution  by  the  Bath  waters 
could  be  aocumidated  for  one  year,  they  would  form  a  square  column 
9  feet  in  diameter,  and  140  feet  in  height.  Yet  all  this  solid  matter 
is  conveyed  away  in  a  limpid  stream  to  the  Avon,  and  by  the  Avon 
to  the  sea.     (Lyell's  "  Principles,"  vol.  L,  p.  398.) 

What  is  the  cause  of  thermal  springs  ?  Water  descending  to  deep 
levels  in  the  strata  meets  at  some  point  with  steam  at  a  high 
temperature,  which,  being  converted  into  water  by  contact,  raises 
the  temperature  of  the  water,  which  in  turn,  as  the  store  of  heat  is 
accumulated,  rises  by  rents  and  fissures  to  the  surface  in  the  form 
of  thermal  springs. 

There  seems  no  doubt  that  hot  springs  have  a  direct  connexion 
with  volcanos. 

1.  Hot  springs  are  present  in  all  volcanic  areas. 

2.  Where  not  connected  directly  with  volcanos,  they  are  found 
situated,  as  in  the  Pyrenees,  the  Alps  and  the  Himalayas,  upon  lines 
of  dislocation  and  disturbance  where  volcanic  force,  if  not  visible  at 
the  surface,  has  been  in  operation  fax.  down  beneath. 

3.  Hot  springs  distant  from  volcanic  disturbances  are  nevertheless 
affected  by  them.  Thus  the  "Source  de  la  Beine,"  at  the  baths 
of  Luchon,  in  the  Pyrenees,  was  raised  suddenly  during  the  great 
earthquake  of  Lisbon  in  1755,  from  a  tepid  spring  to  122^  Fahr.,  a 
heat  which  it  has  since  retained. 

Although  springs,  as  a  rule,  oaxry  carbonate  of  lime  and  sulphate 
of  lime  in  solution,  the  hotter  thermal  springs  alone  contain  large 
quantities  of  silica  in  solution.  For  example :  the  hot  spring  of  St. 
Midiael,  in  the  Azores,  having  a  basin  30  feet  in  diameter,  is  sur- 
rounded by  layers  of  travertin  many  feet  in  thickness,  composed  of 
siliceous  matt^  deposited  on  wood,  reeds,  ferns,  eta 


Fio.  10. — Section  through  Basin  and  Terraees  of  siliceoos  sinter.  Hot-springs 
Te  TaraU,  Rotomahana,  New  Zealand.    (See  Hochstetter's  New  Zealand,  p.  137.) 

a.  a.  Lerel  of  water  in  repose  in  great  Basin. 

b.  b.  Seriei  of  Basins  into  which  the  oyerflow  water  from  the  great  Basin  is  discharged  during 
traptkms. 

9.  Lerel  of  the  river,  d.  Silioeons  sinter  and  trayertin  deposited  by  the  evaporation  of  the  water. 

The  hot  springs  of  New  Zealand  (Fig.  10)  are,  perhaps,  the  finest, 
exceeding  even  the  Great  Gi^yser  in  Iceland,  which  also  deposits 
enormous  quantities  of  silica  from  its  waters  on  cooling,  orig^naib^ 
held  in  solution. 


Senry  Woodmrd — Oh  VoteantM. 

li«  Qreat  G«yBer  has  a  cone-like  eleration  aioond  its  baain  nudfti 
yon  of  travertin.  The  following  are  ita  principal  meumementa:- 


rofoieor  BiiuMn,  in  164€,  took  the  tempentnre  of  the  Gm 
■or  tnbe  by  &  thermometer  suspended  by  a  string.  Tbe  reml 
is  observationB  aie  given  in  the  annexed  woodoat  (f^  11)  :— 


low  does  the  water  rise,  under  presBure,  so  much  above  the  ori 

y  boiling  point  for  water  at  the  surtaoe  ? — Becaiise,  being  d 

tof  sir  by  freq^netit  boiling,  it  refuses  to  oircolate  fireely  up  an 
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down  the  pipe;  therefore,  the  lower  stratam  becomes  exceedingly 
heated,  and  is  able  at  last  to  overcome  the  great  pressure,  and  to  rise 
into  steam,  carrying  up  with  it  upwards  of  fifb^  tons  of  water  with 
an  eruption  100  feet  in  height 

In  order  to  ascertain  at  what  depth  steam  was  formed  in  the  tube 
of  the  Geyser,  Professor  Bunsen  suspended  stones  at  the  ends  of 
cords  (Fig.  11,  a,  6,  e),  of  various  lengths,  in  the  tube.  When  an 
explosion  took  place  the  stone  at  e  was  found  to  be  blown  out,  whilst 
the  stones  a,  6,  remained  undisturbed.  He  thus  leamt  that  it  was 
between  A  and  B  that  steam  was  formed ;  in  fact,  just  at  that  point 
in  the  tube  where  the  observed  temperature  approaches  most  nearly 
the  known  boiling  point  for  wfkter  under  the  pressure  of  a  column  of 
water  of  about  40  feet 

Beferring  the  Geyser-action  to  the  crater  of  a  volcano,  where  steam 
in  a  white-hot  state  under  enormous  pressure  must  exist,  we  can 
readily  see  the  explanation  of  the  rhythmical  explosions  which  some 
volcanos  constantly  keep  up. 

So  long  ago  as  1825,  Mr.  Scrope  arrived  at  the  conclusion  that  the 
mobility  of  the  solid  component  particles  of  liquid  lava  was  not  due 
to  the  mass  being  in  a  state  of  molecular  fusion  —in  which  condition 
it  never  occurs  subaerially — but  to  the  presence  of  an  interstitial 
fluid  disseminated  through  the  mass,  and  that  this  fluid  was  water  in 
a  highly  comminuted  condition.  This  conclusion  he  seems  to  have 
arrived  at  from  observing  that  the  inccmdescent  lava  at  the  moment 
of  its  exposure,  and  in  the  act  of  consolidation,  always  gave  off 
abundance  of  steam. 

"Water,"  says  Mr.  Scrope,  "we  know  is  converted  into  vapour 
only  at  temperatures  increased  in  proportion  to  the  increased  pres- 
sure to  which  it  may  be  subjected;  and  when  altogether  hindered 
from  communication  with  the  atmosphere,  as  in  a  Papin's  digester  or 
other  closed  vessel,  may  be  made  red-hot,  without  expcmding  into 
vapour. 

*^  The  moment,  however,  that  the  opening  is  made  in  the  inclosing 
vessel  (reducing  the  pressure  to  that  of  the  atmosphere  only),  it 
flashes  instantly  into  steam  with  explosive  violence.  The  same 
effect  of  course  must  take  place  in  an  imperfect  liquid  or  paste  com- 
posed of  water,  and  any  solid  matter  in  mechanical  suspension  or 
mixture,  such  as  flour,  clay,  sand,  or  any  other  granular  substance." 
(Scrope,  "  Volcanos,"  p.  39.) 

The  theories  as  to  the  source  of  volcanic  heat  are  many  and  various ; 
but  the  one  which  may  be  said  to  claim  the  largest  share  of  support 
is  that  which  attributes  the  phenomena  of  volcanos  and  earthquakes 
to  the  reaction  of  the  interior  of  our  planet  upon  its  uppermost  strata. 

A  volcano  appears  always  to  keep  up  a  permanent  connexion  be- 
tween the  interior  of  the  earth  and  the  atmosphere,  or  the  sea,  either 
directly  or  indirectly ;  sea- water  being  doubtless  the  source  of  many 
mineral  ingredients  in  volcanic  products. 

Mr.  Hopkins,  nearly  thirty  years  ago,  and  subsequently  Arch- 
deacon Pratt  and  Sir  William  Thomson,  have  condemned  as  un- 
tenable and  contrary  to  the  known  laws  of  precession  and  nutation 
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^\kAh}  with  a  moderately  thick  crust,  and  a  fluid 

A*j&  %\^  pnnliice  a  complete  accordance  in  the  motion  of  the 

«vv  It  in  luvoHsnry,  according  to  these  authorities,  to  assign 

s  t^i>t  of  nt  least  800  to  1000  English  miles  in  thickness. 

« '^\  sMio  U'liovo  that  lava  is  pressed  up  through  channels  of  that 


I 

%      1\  ^  '*  ■ 
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>i  IV^lAunay  has,  however,  clearly  shown  that  "there  is  a  funda- 
..^.^.il  orivr.  not  in  the  mathematical  formula,  but  in  the  condition 
«.«..j%u^sl  iktiinoly,  that  the  interior  is  filled  with  a  free-flowing  liquid 
K-x  X  riio  interior  fluid  can  only  be  of  the  nature  of  lava,  and  that, 
\\.',Mi  o\  ami  nod  at  tlio  surface,  however  fresh,  is  a  very  intractable 
u ).%«<«  tl\»\ving  indeed  as  docs  tliick  honey,  pitch,  or  slag;  incapable 
,»^  m%*\  iu^,  at  tlio  veiy  utmost,  above  a  few  miles  an  hour,  even  on 
4  *lo|»o  of  iJ0^\  and  on  ordinary  slopes  only  one  mile,  half  a  mile,  or 
^^\\vu  thirty  or  forty  foot  in  an  hour.  In  this  condition  it  would 
>»*s\  |M»rfootly  the  motions  of  the  solid  crust  The  problem  solved 
V\  \lr.  Hopkins,  lookcil  at  in  this  light,  does  recdly  not  settle  any- 
%hui>?  as  to  the  thickness  of  the  earth's  crust."  (Phillips,  "  Vesuvius," 

•''I'ho  glolH)  is  continually,  though  very  slowly,  losing  heat;  it 
j»i\»wrt  cooler  in  a  very  small  degree,  and  suffers  contraction  in  the 
MUiut  small  doj;roo.  From  what  we  know  certainly  of  the  constitu- 
tion of  the  onist  of  the  globe  it  is  of  unequal  strength  to  resist 
olinnj^t*  of  form  iii  difTon^nt  parts.  The  weakest  part  must  yield, 
Miiil  if  by  loeal  yielding  the  general  pressure  may  be  satisfied  (which 
\H  oi|iiivjilent  to  supposing  the  general  pressure  determined  to  a  small 
nrt»ii\  the  displacement  of  small  tracts  may  bo  extremely  great,  and 
tlu»  rtu'kfi  be  bent  into  arches  and  broken  by  faults." 

"  If  wo  are  right  in  our  views  of  the  history  of  the  globe,  very 
many  epochs  would  arise,  where,  first  in  ono  region,  then  in  another, 
linos  or  areas  of  relative  weakness  would  bo  depressed  into  concave 
swifl,  and  receive  a  long  series  of  de|K^sits ;  and  at  other  times  the 
same  aivas,  or  j)nrts  of  them,  might  be  re-elevated,  producing  eud- 
pivssures  and  violent  liK'al  flexures  or  fractures,  resulting  in  earth- 
quake sluHrks  and  volcanic  eruptions."     (Ibid.,  p.  385.) 

Viewed  by  the  light  which  volcanic  action  affords  us  in  other  parts 
of  our  globe  at  the  present  day,  the  geologist  sees  the  simplest 
oxjdanation  possible  by  which  to  understand  the  upheaval  of  the 
aodinientary  nvks. 

liut  it  is  not  whore  volemiic  force  exhibits  itself  at  the  surface, 
ORcaping  in  jets  of  steam  and  vapour,  or  even  in  lava-flows,  that  we 
look  for  the  greatest  pnH)f  of  work  accomplished.  As  well  might 
wo  study  the  smoke-stack  of  a  steam-engine  to  judge  of  its  horse- 
|H>wer.  No  ;  it  is  by  the  inmsideration  of  the  elevatory  foi"ce  exerted 
to  nuso  such  vast  masses  as  the  Himalayas,  or  the  Peruvian  Andes, 
that  wo  can  best  appivciate  the  work  achieved  by  upheaval. 

Nay  more.  Not  an  inch  of  land  could  remain  permanently  above 
tiio  sea-level  but  for  its  silent  yet  mighty  su[)port.  And  when  we 
book  thnuigh  Mesozoio  to  Palseozoio  times  we  see  its  active  and 
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beneficent  agency  stiU  in  operation^^first,  in  conserving  our  coal 
strata  by  lowering  tbem  so  as  to  admit  of  deposition,  to  a  vast 
amount,  taking  place  above  them ;  and  again  in  uplifting  them  so 
as  to  bring  them,  and  indeed  every  other  economic  stratum  of  our 
island,  within  easy  access  to  meet  our  varied  and  ever-increasing 
needs. 

n. — On  the  Anomalous  Mods  of  Growtbt  or  Cebtain  Fossil. 

Otbtebs. 

By  John  W.  Judd,  F.6J3. 

(PLATE  IX.) 

rthat  rich  storehouse  of  fossils,  the  Combrashv  there  occur,  as  ali 
geologists  who  have  been  in  the  habit  of  collecting  from  it  are 
aware,  several  species  of  the  genus  Oatrea,  two  of  which  are  large 
and  conspicuous  shells.  One  of  these  is  the  everywhere  abundant 
and  very  characteristic  plicated  form  known  as  0.  Marahii,  Sow. 
(Oi  flabeJU/ormia,  Lamk.?) ;  the  other,  which  is  far  less  common, 
Dat  by  no  means-  rare,  is  flat  and  smooth,  and  sometimes  considerably 
elongated  in  form.  This  latter  species  does  not  appear  to  have 
SGceived  a  name  in  this  country,  but  it  may  not  improbably  be 
identical  with  the  (X  exarata  of  Ooldfus»  (Petrifacta  Germanise^ 
Theil  ii.  z.  5,  tab.  72,  fig.  9),  a  shell  first  obtained  from  the  Unter- 
0oUih  of  Grafinberg. 

If  we  look  over  any  collection  of  specimens  of  this  Combrask 
Oyster,  we  shall  almost  certainly  be  struck  with  the  appearance  of 
some  detached  upper  valves,  which  exhibit  on  their  outer  surfaces 
markings  very  different  from  those  belonging  to  any  knowa 
apecies  of  Oyster,  and  unmistakably  resembling  those  which 
diaracterize  totally  different  classes  of  shells.  The  interiors  of 
tliese  valves,  however,  exhibit  no  peculiarity  whatever,  but  have 
the  smooth  surface  with  the  impression  of  the  single  adductor 
muscle,  which  characterizes  that  group  of  the  Mollusca  to  which  th& 
Oysters  belong.  Occasionally  the  markings  on  the  outer  surfaces  of 
tliese  oysters  appear  to  be  nearly  as  distinct  and  sharply  defined  as 
thx)se  of  the  shells  which  they  imitate.  The  shell  of  which  the 
markings  appear  to  be  most  frequently  copied  in  this  manner  is  a 
clavellate  Trig&nia,  itself  a  tolerably  abundant  fossil  of  the  Corn- 
brash,  and  known  as  T,  Scarburgenaia,  Lycett ;  but  specimens  of  the 
oyster  bearing  the  markings  of  Ammonitea  Herveyi,  Sow.,  and  other 
common  Combrash  shells,  are  by  no  means  rare. 

Of  course  the  first  suggestion  which  offers  itself  to  the  mind,  in 
attempting  to  account  for  these  appearances,  is  that  the  oysters  aro 
merely  impressed  with  the  features  of  the  objects  to  which  they 
happened  to  grow  attached.  But  a  moment's  consideration  suggests 
a  fatal  objection  to  this  explanation;  we  are  required  to  account  for 
the  production,  not  of  a  caai,  but  of  a  facaimile  of  the  shell  copied. 
In  the  case  of  a  remarkable  oyster  in  the  British  Museum,  which 
hears  the  markings  on  the  back  of  an  Ammonite  o£  \Jaa  ^\Qvr^  <^1  ^Os^a 
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Ligati,  an  attempt  to  meet  this  difficulty  has  been  made  by  the 
sui^gestion  that  the  oyster  had  grown  on  the  itrnde  of  a  detd 
Ammonite  shell.  Setting  aside  the  inherent  improbability  of  thii 
ex[)lanation,  it  is  evident  that  it  will  not  serve  us  in  the  ease  of 
oysters  taking  the  markings  of  Trigania,  as  the  inner  sarfaces  of 
these  latter  bear  no  resemblance  whatever  to  their  outer. 

So  remarkable  is  the  appearance  of  shells  of  one  genus  bearing 
tho  superficial  markings  of  those  of  a  totally  dififerent  group,  but 
otliorwise  retaining  all  their  essential  characters,  that  I  was  at  one 
time  even  tempted  to  speculate  whether  we  might  not  have  here  in 
the  Oolitic  rocks  an  actual  case  of  mimicry,  possibly  for  protectiTe 
purposes,  similar  to  those  which  obtain  so  firequently  among  many 
living  animals.  The  collection  and  careful  examination  of  a  laige 
series  of  specimens,  while  it  has  dispelled  this  idea,  has  led  to  the 
true  explanation  of  the  phenomenon — an  explanation  which  is  not 
a  little  curious  and  interesting. 

Among  the  thin-shelled  Oatreidm  (Anomia,  Plaemiopsis,  PlaewM, 
PUcatula,  etc.),  we  frequently  find  specimens  that  have  grown 
attached  to  shells  or  otlier  foreign  bodies  in  which,  owing  to  its 
tenuity,  the  whole  organism,  lower  valve,  animal  and  upper  valve, 
has  l)ecomo  moulded  on  to  and  taken  the  markings  of  the  surfaoe  on 
which  it  lies.  In  Plate  IX.  two  examples  illustrating  this  are 
shown.  Fig.  la,  16,  represents  the  upper  and  under  sides  respec- 
tively of  a  specimen  of  Piacunopsia  Jurenaiiy  Mor.  and  Lye.,  which 
has  grown  attached  to  tho  side  of  Goniomya  V-acripta,  Sow.  This 
specimen,  which  was  obtained  from  the  Combrash  of  Scarborough, 
by  the  late  Mr.  Bean,  is  now  in  the  British  Museum*  In  Fig.  2  is 
shown  a  still  more  curious  specimen ;  it  was  obtained  by  Dr.  Lycett 
from  tho  Inferior  Oolite  of  Eodborough  Hill,  near  Stroud,  and  is  in 
the  Museum  of  Practical  Geology,  Jermyn  Street.  This  specimen  is 
a  FlacunopaiSf  of  a  species  not  yet  described,  which  has  grown  upon 
a  clavellato  Trigonia ;  tho  surface  of  its  upper  valve  exhibits  the 
peculiar  markings  of  the  Placunopsis  in  combination  with  those  of 
tho  Trigonia. 

If  we  were  to  find  the  upper  valve  of  a  Placunopsis,  like  either  of 
those  we  have  been  describing,  lying  detached  in  the  rock  (which 
we  seldom  or  never  do),  it  would  resemble,  in  the  character  of  its 
outer  surface,  the  oysters  to  which  we  have  referred ;  but  its  inner 
surface  would  differ  altogether  by  following  all  the  foldings  and 
wrinklings  of  the  outer,  instead  of  being  perfectly  smootli. 

Occasionally  we  find  specimens  of  our  Combrash  oyster  with  both 
valves  preserved.  A  good  example  of  this  is  sho^vn  in  Plate  IX., 
Fig.  3.  The  specimen  which  is  in  tlie  British  Museum  was  collected 
by  W.  Cunnington,  Esq.,  at  Weymouth.  3a  shows  the  upper 
V  live  displaying  very  distinctly  the  characteristic  tubercles  of  the 
Trigonia;  Shy  the  lower  valve,  in  which  precisely  the  same  markings 
are  exhibited  in  reverse  or  as  a  cast.  On  separating  the  two  valves, 
we  find  the  interiors  quite  smooth,  and  exhibiting  no  trace  whatever 
of  the  prominent  markings  of  the  exterior. 

If  we  consider  the  characters  presented  by  this  specimen,  at  the 
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same  time  bearing  in  mind  the  features  presented  by  the  attached 
thin-shelled  Osireidm,  like  Placunopsis,  and  also  the  mode  of 
growth  of  the  shell  in  the  oysters  by  the  deposition  of  successive 
laminsB  from  the  mantle  of  the  animal,  we  are  led  to  realize  the  exact 
manner  in  which  the  singular  examples  to  which  we  have  referred 
have  been  produced. 

This  we  have  illustrated  by  the  ideal  section,  I^g.  4,  which  repre- 
sents a  Trigonia  shell  (a),  upon  which  an  oyster  (h)  has  grown.  At 
an  early  stage  of  its  growth  the  valves  of  the  oyster  would  be  repre- 
sented by  1-1,  I'-l' ;  these  being  then  nearly  in  apposition,  and  the 
animal  like  them  extremely  thin,  and  partaking  of  all  the  undula- 
tions of  the  surface  of  the  Trigonia.  In  this  state  the  oyster  wotild 
exactly  resemble  the  specimen  of  Placunopsis  represented  in  Fig.  2. 
The  subsequent  growth  of  the  oyster  was  almost  entirely  confined  to 
an  increase  of  the  thickness  of  the  shell.  The  two  first-formed 
lamin»,  1-1,  I'-l',  would  not  be  in  any  way  altered  by  the  shell's 
subsequent  growth,  though  they  would  be  thrust  gradually  farther 
and  fjGurther  apart.  The  successively  deposited  layers  of  shelly 
matter  would  naturally  be  less' and  less  conformed  to  these  exterior 
lamin»,  and  thus  these  markings  becoming  continually  fainter  on  the 
interior  of  the  shell,  would  at  last  be  obliterated  altogether.  The 
successive  stages  of  growth  of  the  two  valves  are  represented  in  the 
diagram  by  the  lines  2-2,  2^-2' ;  3-3,  3^-3^ ;  4-4,  4^-4^ ;  ^5,  5^-5' ; 
and  6-6,  6^-6^.  Of  course,  as  the  animal  increases  in  thickness  as 
well  as  the  shell,  an  excessive  deposition  of  shelly  matter  will  have 
to  take  place  at  the  edges  of  the  valves,  and  this  is  always  observed 
to  be  the  case  in  the  specimens  of  which  we  are  speaking. 

That  this  is  the  true  explanation  of  the  remarkable  appearances  to 
which  we  have  directed  attention  in  this  note  is  confirmed  by  an 
examination  of  sections  of  these  oysters,  and  also  by  the  successive 
removal  (by  the  aid  of  dilute  acid)  of  the  several  laminse  of  which 
the  shells  are  composed. 

It  is  evident  that  the  oysters  which  present  these  mimetic  mark- 
ings over  nearly  the  whole  of  their  surfaces  must,  in  their  early 
stage  of  growth,  have  increased  very  slowly  vertically,  but  rapidly 
laterally,  like  Placunopsis,  so  that  the  shell  must  have  attained 
almost  its  full  diameter  before  it  began  to  increase  greatly  in 
thickness. 

As  an  example  of  the  singular  objects  which  are  sometimes  pro- 
duced in  consequence  of  the  peculiar  mode  of  growth  of  these  oysters, 
we  have  figured  a  specimen  obtained  by  the  late  Dr.  Porter  from  the 
Combrash,  near  Peterborough.  In  this  case  two  oysters  have  grown 
side  by  side  on  the  back  of  a  large  example  of  Ammonites  Herveyi, 
Sow.,  and  at  last  have  so  pressed  upon  each  other  that  they  have 
become  united  at  their  edges.  The  curvature  of  the  Ammonite  shell, 
with  the  markings  of  its  surface,  have  been  reproduced  on  this  double 
specimen,  the  ribs  of  the  former  appearing  as  casts  on  its  under  side 
(5b)  and  in  relief  on  its  upper  side  (5a) ;  5c  represents  a  section  of 
this  singular  specimen. 

Besides  the  species  to  which  we  have  been  referring,  other  oysters 
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exhibit,  in  a  greater  or  less  degree,  a  tendency  to  this  mode  of 
growth.  Conspicuous  among  these  is  the  well-known  0.  deZ/otdea, 
Sow.,  of  the  Kimmeridge  Clay.  In  the  British  Museum.  (Northern 
Gallery,  Boom  V.,  Table  Case  2)  there  is  exhibited  an  mteresting 
series  of  these  shells  from  Boulogne,  which  haye  grown  upon  dif- 
ferent portions  of  several  species  of  Ammonites. 

Other  oysters,  which  are  only  attached  during  a  short  portion  of 
tlieir  existence,  sometimes  display  the  characters  we  have  been  de- 
scribing in  the  portion  of  the  shell  first  formed.  Thus  the  plicated 
0.  gregaria,  Sow.,  of  the  Coral  Bag,  sometimes  exhibits  on  the  central 
ridge  of  its  attached  and  free  valves  respectively,  the  cast  and  &U0' 
simile  of  the  surface  of  a  coral  to  which  it  has  been  attached. 

That  the  Qryphoid  oysters,  which  normally  become  free  at  a  very 
early  stage  of  their  existence,  sometimes  remain  attached  during  a 
considerable  portion  of  their  life,  is  well  known,  and  has  been  re- 
ferred to  by  Mr.  Jones  in  his  interesting  paper,  **  On  Gryphcea  incurva 
and  its  Varieties,"  in  the  Proceedings  of  the  Cotteswold  Club,  vol.  iiL, 
p.  81.  The  aberrant  forms  thus  produced  have  even  been  mistaken 
in  some  cases  for  distinct  species  of  oysters.  These  OrypheecB,  with 
large  surfaces  of  attachment,  sometimes  strikingly  exhibit  the  pheno- 
menon which  we  have  described  in  this  note.  In  the  British 
Museum  there  are  two  specimens  of  Gryphaa  dilatata,  Sow.,  from 
the  Oxford  Clay  of  Weymouth,  each  of  which  has  grown  on  the  out- 
side to  a  Trigonia,  till  it  has  attained  about  one-half  of  its  diameter. 
The  portion  of  the  shell  formed  during  the  period  of  attachment 
shows  clearly  the  markings  of  the  Trigonia  in  cast  and  facsimile, 
while  the  interior- is  quite  smooth.  In  another  example  we  find  a 
small  Trigonia  shell  with  its  outer  surface  still  embedded  in  the 
incurved  be<ak  of  a  Gryphtea;  on  the  inner  surface  of  the  attached 
valve  of  this  latter  there  are  no  traces  of  the  markings  of  the 
Tri<ij(niia,  but  these  are  beautifully  reproduced  on  the  exterior  of  the 
free  valve. 

Altliou^^h  GoldfusB  has  figured  some  specimens  of  oysters  with 
the  markings  of  other  shells,  such  anomalous  oVyects  are  generally 
oxcliulod  from  the  plates  which  illustmte  palajontological  treatises. 
An  oxcq)tioii  is  found  in  the  magnificent  "  Der  Jura"  of  Professor 
Qiienstedt,  a  work  which  is  the  result  of  the  most  patient,  minute, 
and  exact  observation,  and  which  may  be  quoted  as  the  most  faithful 
delineation  of  the  characters  of  a  single  formation  in  a  given  area 
with  which  geological  science  has  as  yet  been  enriched.  In  this 
work  we  find  figured  under  the  name  of  0.  falcifer  (Atlas  zum  Jura, 
tab.  87,  fi;L^.  1)  an  oyster  from  the  Upper  Lias,  which  exhibits  the 
sigmoidal  markings  of  the  shell  of  Ammonites  falcifer ^  Sow.  Prof. 
Quonstedt  does  not  appear  to  have  noticed  the  remarkable  character 
of  the  smooth  surfaces  of  the  interior  of  these  oysters ;  but  he 
remarks  that  the  animal  was  probably  very  thin,  and  in  this  respect 
allied  to  that  of  Flacuna,  In  the  same  work,  tab.  6,  lag,  t),  tab.  11, 
fig.  9,  and  hib.  23,  fig.  6,  there  are  represented  other  examples  of 
Ostreiform  shells  which  have  taken  the  markings  of  the  shells  to 
^jrhich  they  have  grown  attached. 
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EXPLANATION  OP  PLATE  IX. 

Fig.  la,  5.  Upper  and  under  side  of  Flacunqptis  Jur$rmt,  MorriB  and  Lycett.  Corn- 
brash,  Scarboroujfh. 

Fig.  2.  FlaettnopMf  sp.  nor.    Inrerior  Oolite,  near  Strond. 

Fig.  3a,  b.  Upper  and  under  side  of  Oitrea,  sp.    Oombrash,  Weymouth. 

Fig.  4.  Ideal  section  of  Oatrea,  showing  growth  (see  page  ib*l\ 

Fig.  5a,  bf  e.  Upper  and  under  side,  and  section  of  Otirea,  wtdch  has  grown  on  the 
back  of  Ammonites  ^Herveyi,    Oombrash,  Peterborough. 
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▲  VIEW  TO  DETERMINE  THE  FOBM  OF  ITS  BsD. 

By  John  Ball,  F.R.S. 
(PLATE  X.) 

rOSE  who  have  taken  part  in  the  recent  discussions  as  to  the 
origin  of  lake-basins  are  well  aware  that  one  of  the  chief 
canses  which  has  retarded  a  settlement  of  the  controversy  is  the 
ignorance  prevailing  as  to  the  true  form  of  such  basins.  Even  as  to 
the  Swiss  and  Lombard  lakes,  constantly  visited  as  they  have  been 
by  men  of  science,  the  data  are  extremely  scanty  and  no  way 
reliable.  A  few  somidings  made  by  myself  in  the  Lake  of  Oomo, 
in  1863,  and  referred  to  in  a  paper  published  in  the  Phtloaophical 
Magazine  in  the  following  December,  increased  my  conviction  of  the 
importance  of  instituting  careful  and  exact  measurements  of  the 
form  and  dimensions  of  the  beds  of  lakes,  if  we  were  to  reason 
securely  as  to  their  origin.  I  expressed  that  conviction  at  the  time 
to  an  active  local  naturalist,  Don  Baldassare  Bemasconi,  residing  at 
Laglio.  In  1865  Signer  Gentilli,  one  of  the  engineers  of  the 
Lombardo-Venetian  Bailway,  being  for  some  months  on  the  Lake, 
proposed  to  undertake  a  regular  survey  of  the  bed  of  the  Lake  by 
means  of  a  complete  series  of  soundings,  and  devised  an  instrument 
for  measuring  the  distances  traversed  horizontally  in  a  boat,  corre- 
sponding to  each  cast  of  the  sounding  line.  Signor  Gentilli  found 
two  active  coadjutors  in  the  persons  of  the  above-named  ecclesiastic, 
and  of  Dr.  Guiseppe  Oasell|t,  also  resident  at  Laglio,  on  the  Lake. 

The  results  were  published  by  Signor  Gentilli  in  a  paper  inserted 
in  the  second  volume  of  the  Memoirs  of  the  "  Societii  Italiana  di 
Scienze '  Naturali,"  and  also  in  a  little  tract,  entitled  "  Cenni 
Orografici  sul  Lago  di  Como,"  by  MM.  Oasella  and  Bernasconi, 
both  dated  in  1866. 

It  is  apparent  that  the  authors  of  the  second  paper  found  cause  for 
complaint  as  to  the  form  adopted  by  Signor  Gentilli  for  the  publica- 
tion of  results  which  had  been  mainly  obtained  through  the  labour 
and  perseverance  of  his  coadjutors. 

An  examination  of  the  plans  and  sections  contained  in  both  papers 
displays  a  general  agreement  in  the  results,  showing  that  they  are 
derived  from  identical  materials,  along  with  some  discrepancies  easily 
accounted  for  when  we  recollect  that  some  of  the  sections  ax^ 
exiecated  independently,  and  do  not  follow  t\xe  BSJu^Xvii^  ^^i^^^. 
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To  a  fomih  o(mtribiitor--8ignor  Feidinaiido  Sftorami— «itt  dottmott 
of  the  meaauiementB  in  the  Leooo  Inaaoh  of  the  LdDBi. 

QoologiBts  in  foreign  ooontriee  will  foel  litUa  interart  in  the 
personal  question  here  retered  to^  but  fliej  cinnofe  Cnl  to  ittmh 
importanoe  to  the  reenlti  of  looh  a  worik,  whioh  appeen  tofanvebeen 
carofoilyandeflBoienilyocxidiiotod.  The  mode  adopted  fBrmoawirii^ 
the  horisoniHl  distanoes  between  the  point  iriiere  aonndingi  wen 
made,  does  not  seem  to  have  been  free  fimn  objeotion ;  but  the  aim% 
if  any,  could  not  be  oonsiderable  enough  to  affect  the  genend  reanlt 

It  is  remarkable  that  theae  meaauranenti  ahonld  haive  remained 
unknown  to  many  geologiatSy  eten  among  tiioee  who  take  a 
special  interest  in  the  sulpeot,  and  that  the^  axe  not  rabned  to  bj 
so  careful  a  writer  as  Professor  Biitimeyer  m  the  importsnt  memoir, 
"  Ueber  Thai-  und  See-bUdui^"  in  whndi  he  has  folly  disoDaaed  Oe 
disputed  question  of  the  origin  of  Alpine  Lskes.  (hi  this  aooooufc 
I  believe  uiat  the  plans  and  seotioiia  aooompanying  the  pwaont  p^Ms; 
being  reduced  oopies  of  those  published  by  the  original  obaearmsy 
will  be  fall  of  interest  to  all  who  have  attended  to  tUla  suljieot 

Very  little  oomment  is  neoeasary  to  the  full  undeistanding  of  the 
aooompanying  plans.  Most  travdlers  ace  fiuniliar  with  die  foatm  eC 
the  Lake  of  &)ma  iHUng  the  bottom  of  a  great  valley  fhateztenda 
souUiward  from  near  Chiavenna,  at  the  foot  of  SpIiigfBa,  to  Bellagk^ 
it  forks  at  that  point  What  is  called  the  Lecoo  brsncheztenda 
S.S.E.  beyond  the  town  of  Leooo,  and  sends  the  Adda  to  oany  flie 
drainage  of  the  lake-basin  to  the  Po,  across  the  plain  of  Lombaidy. 
The  Como  branch,  about  equal  in  length  to  that  of  Ijecoo»  is  more 
sinuous,  but  the  general  direction  is  S.S.W.  from  Bellagio.  At  the 
south  end  it  is  closed  by  a  barrier  of  solid  rook  that  rises  behind  the 
city  of  Como  to  a  height  of  about  200  feet  above  the  Lake. 

The  original  bed  of  the  Lake,  as  thus  roughly  sketched,  has  been 
extensively  modified  by  the  action  of  Alpine  torrents  that  continually 
pour  vast  masses  of  detritus  into  the  basin.  At  its  northern  ex- 
tremity the  MeriB^  draining  the  valleys  of  San  Giacomo  and  Bregaglia, 
has  filled  up  the  origins  bed  of  tiie  Lake  for  a  distance  of  nearly 
five  miles,  and  the  shore  is  first  reached  at  the  hamlet  of  Biva,  nearly 
half-way  from  Chiavenna  to  CoUco.  Still  more  considerable  changes 
have  been  efifected  by  the  Adda.  In  a  course  of  over  seventy  miles 
this  receives  numerous  affluents  from  the  lateral  valleys  of  the 
Bhsetian  and  Lombard  Alps,  until  it  enters  the  lake  near  Colico  in 
the  form  of  a  turbid  stream,  heavily  charged  with  glacial  silt  and 
coarser  detritus.  It  is  very  probable  that  an  arm  of  the  Lake,  long 
since  filled  up,  once  extended  to  Morb^^o  in  Yaltellina ;  but  it  is 
at  all  events  certain  that  tiie  Adda  has  completely  barred  the  main 
channel  of  the  Lake,  forming  a  wide  delta  that  stretches  from  shore 
to  shore,  and  cutting  off  the  northern  part  of  the  andent  Lake — 
now  called  Lago  di  Messzola — ^from  the  main  basin. 

At  the  opposite  end  of  the  Lake,  where  there  is  every  reason  to 
suppose  that  the  original  bed  was  comparatively  shedlow,  several 
id  torrents  have  carried  masses  of  Dofomitio  debris  into  the  Lake 
,  and  again  at  Olginate,  so  that  at  each  plaoe  the  channel  is 
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narrowed  to  the  dimensions  of  a  river,  and  tlie  soundings  oease  to 
give  any  secure  indication  of  the  original  form  of  the  lake-basin. 

From  these  statements  it  will  be  inferred  that  the  portions  of  the 
lake-basin,  where  alone  it  is  possible  to  obtain  an  approximation  to 
its  original  form,  are  those  lying  between  Oera  and  Lecoo,  along 
with  the  entire  line  of  the  Gomo  branch,  the  distances  being  nearly  24 
miles,  if  we  measure  from  Oera  to  Lecco,  and  more  thau  31  miles 
from  the  former  village  to  Como.  Future  observers,  may  perhaps, 
ascertain  what  amount  of  transporting  power  is  exercised  by  currents 
setting  in  the  direction  of  the  stream  through  the  deeper  parts  of  a 
lake-basin  ;  but  for  the  present  it  seems  safe  to  assume  that  this  is 
but  inconsiderable,  and  that  nothing  but  fine  glacial  silt  can  be 
transported  to  any  considerable  distance  from  the  point  where  a 
stream  enters  the  Lake.  Detailed  measurements  of  the  **  cones  of 
ejection  "  formed  by  the  deposit  round  the  mouths  of  streams  are 
wanting  to  establish  this  securely,  but  some  evidence  is  given  in  the 
annexed  plans.  The  promontory  on  which  stands  the  village  of 
Mandello  is  the  upper  portion  of  the  "  cone  of  ejection  "  formed  by 
the  Neria  torrent,  an  impetuous  stream  laden#  with  the  Dolomitic 
debris  of  the  Grigna  mountain,  the  remainder  of  the  cone  being 
prolonged  under  ti^e  surface  of  the  Lake.  The  section  from  Santa 
Anna  to  Mandello  (Fig.  14)  does  not  cut  the  front  of  the  cone  at  an 
exact  normal ;  but  it  shows  that  at  the  utmost  this  does  not  extend 
more  than  about  1150  yards  from  the  shore,  or  about  half-way  across 
the  present  (contracted)  bed  of  the  Lake,  with  a  slope  of  more  than 
1  in  10.  The  section  made  from  Onno  (see  Fig.  1),  more  nearly 
opposite  the  point  of  the  same  promontory,  showing  a  maximum 
depth  of  only  90  yards,  has  not  been  published,  but  as  it  indicates  a 
slope  of  at  least  30  in  a  horizontal  distance  of  875  yards,  measured 
along  what  is  probably  a  tangential  section  crossing  the  base  of  the 
cone,  it  confirms  the  inference  as  to  the  comparative  steepness  of  the 
subaqueous  portion  of  such  a  ''  cone  of  ejection." 

With  such  materials  as  I  possess  for  forming  a  judgment,  I  am 
disposed  to  think  that  the  cone  of  ejection  of  the  Adda  does  not  at 
the  utmost  extend  beyond  the  line  connecting  Domaso  with  Mon- 
teochio,  the  fact  being  that  in  modern  times  the  river  falls  into  the 
Lake  of  Mezzola,  and  its  detritus  serves  to  fill  up  that  portion  of 
the  original  Lake  of  Como.  It  is  probable  that. a  thin  stratum  of 
glacial  silt  covers  the  bed  of  the  Lake  throughout  its  northern  half ; 
but  even  this  can  scarcely  be  present  in  the  southern  branches,  and 
especially  in  the  Como  branch  of  the  Lake.  This  is  in  every  way 
remarkable.  It  is  a  closed  basin  except  where  it  joins  the  main 
body  of  the  Lake  opposite  Bellagio,  and  throughout  a  coast-line 
exceeding  40  miles  in  length  it  receives  but  two  unimportant 
torrents — at  Como  and  Argegno^and  it  may  safely  be  said  that 
there  are  no  existing  causes  that  tend  materially  to  alter  the  form  of 
its  bed.  How  singular  this  is  may  best  be  learned  by  studying  the 
annexed  sections  (Figs.  8,  9,  and  10),  which,  be  it  remembered,  are 
drawn  to  true  scale.  The  object  of  this  paper  is  to  supply  facts,  and 
not  to  discuss  their  interpretation ;  and  it  ia  BMifiLdejiA.  W:^  ^a  ^a^ 
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attention  to  the  very  remarkable  section  given  in  Fig.  9.  Eyery 
one  who  has  attended  to  the  sabject  will  desire  additional  informa- 
tion as  to  the  nature  of  the  lake-bottom,  which  fills  the  almost 
perfectly  level  space  between  the  perpendicular  diffs  at  either  side. 
The  superficial  deposit  brought  up  by  the  sound  from  a  depth  of  447 
yards,  is  a  greenish  grey  mud  of  impalpable  fineness,  which  was 
examined  under  the  microscope  by  MM.  Casella  and  BemasoonL 
It  appears  to  be  exclusiTcly  composed  of  organic  matter,  oonsistiiig 
mainly  of  DiatomacesB  and  GonfervacesB  either  in  an  entire  or  frag- 
mentary condition. 

Signor  Gentilli  appears  to  adhere  to  the  theory  of  lake  excayati(m 
by  glaciers,  but  declines  to  discuss  the  application  of  that  theory  to 
the  facts  disclosed  in  respect  to  the  Lake  of  Como.  He  makes  one  re- 
mark, however,  which  appears  to  me  to  be  absolutely  at  variance 
with  them.  Supposing  uie  rocks  on  either  side  to  be  of  equal  hard- 
ness, and  similarly  stratified,  it  is  safe  to  affirm  that  if  they  had  been 
hollowed  out  by  glacial  action,  or  by  aqueous  erosion,  the  slope 
would  be  steepest  on  the  concave  side  of  Uie  bend  in  those  parts  of 
the  Lake  where  the  glacier  stream  was  turned  aside  from  its  previous 
direction.  Three  such  bends  are  conspicuous  in  the  map  of  the  Lake 
(Fig.  1),  and  correspond  to  the  positions  of  Castello  di  Musso, 
Argcgno,  and  Riva  Palanzo.  The  erosion  theory  leads  one  to  expect 
at  each  of  those  places  a  much  more  rapid  slope  than  on  the  opposite 
side,  and  Signor  Gentilli  refers  to  the  section  between  Argegno  and 
Cavagnola  as  confinuatory  of  the  theory.  I  do  not  find  this  assertion 
to  bo  justified  by  the  section,  copied  accurately  from  Signor  Gcntilli's 
memoir,  given  in  Fig.  8.  It  is  true  that  if  we  divide  tlie  section 
into  two  equal  parts  the  average  depth  is  rather  greater  on  the 
Argegno  side,  but  the  deepest  sounding  of  all  lies  on  the  opposite 
side,  and,  what  is  more  important,  the  declivity  of  the  bed,  near  the 
lake-shore,  is  actually  steeper  on  the  Cavagnola  side.  A  depth  of 
190  yards  is  there  found  at  a  distance  of  100  yards  from  the  shore, 
while  it  is  necessary  to  go  120  yards  from  the  Argegno  shore  to  obtain 
an  equally  deep  sounding.  If  there  be  any  doubt  in  regard  to  this 
section,  there  can  be  none  as  to  that  between  Castello  di  Musso  and 
Olgiasca  (Fig.  5).  There  are  some  important  differences  between 
the  section  here  referred  to,  extracted  from  the  paper  of  MM. 
Casella  and  Beniasconi,  and  that  given  by  Signor  Gentilli,  doubtless 
because  not  made  exactly  between  the  same  points,  but  they  agree 
completely  in  showing  that  for  a  distance  of  several  hundred  yards 
from  the  shore  on  either  side  the  slope  is  twice  as  rapid  on  the  east 
side  as  on  the  opposite  shore,  being  the  exact  contrary  of  the  result 
required  by  the  erosion  theory. 

The  details  of  the  section  between  Carate  and  Biva  Palanzo  have 
not  been  given  to  the  public. 

When  the  beds  of  other  Alpine  lakes  shall  have  been  surveyed 
jvitii  the  same  care  that  has  been  bestowed  on  that  of  Como,  geolo- 
Hfe|i  will  be  able  to  reason  much  more  securely  than  they  have 
^^■rto  done  on  the  causes  that  have  given  them  their  present  form. 
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EXPLANATION  OF  PLATE.  X. 

"xo.  1. — Outline  map  of  Lake  of  Como,  with  tSie  names  of  the  places  between  which 
transTerse  sections  hare  been  taken.  The  numbers  insertecl  show  the  maximum 
depth  in  yards  of  the  Lake  at  each  transrerae  section. 

'iG.  2. — Longitudinal  section  of  the  lake  from  Gera  to  Ponte,  near  Lecoo,  the 
numbers  affixed  to  the  vertical  dotted  lines  showing  the  maximum  depth  of  the 
Lake  in  yards  at  each  point  where  a  transrerse  section  has  been  maae,  and  the 
numbers  written  parallel  to  the  surfaces  showing  approximately  the  horizontal 
distance  in  yards  between  one  transyerse  section  and  the  adjoining  one.  The  yertical 
distances  showing  the  depth  are  exaggerated  as  compared  with  the  horizontal 
distances  in  the  ratio  of  nve  to  one. . 

'lo.  3. — Longitudinal  section  of  the  Lake  from  Oera  to  Como,  the  numbers  corre- 
sponding to  those  in  Fig.  2,  and  being  identical  so  far  as  the  portion  between 
6era  and  the  section  from  Mens^o  to  Yareana. 

'lo.  4. — ^Transrerse  section  between  Domaso  and  Monteochio.  The  numbers  written 
horizontally  denote  approximately  the  distances  ia  yards  from  the  western  or  left 
hand  shore  •at  which  each  sounding  was  taken,  and  the  numbers  written  yerti- 
cally  the  corresponding  depth  in  yards.  In  this  and  all  the  succeeding  trans- 
yerse sections  the  y^cal  and  horizontid  distances  are  drawn  to  the  same 
scale. 

"lO.    5. — ^Transyerse  section  between  Castello  di  Musso  and  Olgiasca. 

'xo.    6. — Transverse  section  between  Beizonico  and  Deryio. 

'lo.    7. — ^Transyerse  section  between  Villa  Ricordi  and  Bellagio. 

"lo.    8. — Transyerse  section  between  Argegno  and  Cayagnola. 

'iG.    9. — Transyerse  section  between  Torri^gia  and  Como. 

*IG.  10. — Transyerse  section  between  Lucisino  and  Tomo. 

'iG.  11.— Transyerse  section  between  Villa  Capriccio  and  Geno. 

io.  12.— Transyerse  section  between  Villa  SerbeUoni  and  Fiumelaite. 

"lO.  13. — Transyerse  section  between  Bellagio  and  C.  Cicogna. 

*io.  14. — ^Transyerse  section  from  S.  Anna  to  Mandello. 


V.—  On  thb  Co-relation  of  the  Casbonifsbous   Deposits   of 

CoRNBSOOEy  BbOWN  ClEE,  HABOOTTy  AND  COALBBOOE-DALE. 

By  Danixl  Jokbs,  F.6.S. 

rhas  not  hitherto  been  clearly  made  out  in  what  way  these 
Carboniferous  patches  are  related  to  each  other.  Some  have 
onsidered  it  doubtful  whether  the  three  former  are  in  any  way 
^presented  in  the  Coalbrook-dale  Field.  The  prevailing  impression 
ly  I  believe,  that  the  Clee  Hill  Fields  are  quite  distinct  in  point  of 
ge  from  any  of  the  Coal  tracts  surrounding  them,  and  were  formed 
1  a  depression  sufficiently  low  to  receive  the  Millstone  Grit  which 
re  find  to  be  wanting  in  the  extensive  Coal-fields  to  the  East  and 
Forth-east,  except,  let  me  observe,  along  the  Western  margin  of  the 
!oalbrook-dale  ^strict,  where  it  is  not  well  developed,  but  still  repre- 
anted.  E€tstward  of  that  mcurgin,  however,  it  thins  out  rapidly,  and 
ives  way  to  the  Silurian  flooring  of  that  CocJ-field. 
I  propose  to  show  the  following  co-relations  : — 

a.  Between  Combrook  and  Brown  Clee  Hill ; 

h.        „         Combrook  and  Harcott ; 

c.        „         Harcott  and  Coalbrook-dale ; 
iking  fixed  horizons,  and  tracing  the  Coals  and  Ironstones  within 
lem  through  the  whole  of  those  districts. 

That  the  Combrook  basin  was  once  connected  with  the  Coal 
atches  on  the  Brown  Clee  seems  to  be  accepted  V)^  TXiO«»\.  QiQ^q^^^i 
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>M.-  *:  >.Axv  not  yet  found  that  any  one  has  attempted  the  co-relaiioi 
«  v)c  >47:itii.  The  points  of  nearest  contact  are  not  more  thai 
i\^  ^v  v;:^W  and  a  half  apart. 

^,'V  iVnibrook  deposits  may  be  conveniently  divided  into  the 
cC^/^int;  horizons,  leaving  out  the  Jewstone  capping^  whidi  Im 
•vs:^*x^  to  do  with  the  question  before  us : — 

CORNBROOE  DEPOSITS.— Swnoii  A. 

I.  Baiw  of  Jewftone  to  PemiTitoiM  .^  m. 

S,  Trnnyittone  Meararo   ... 

a.  Frinn  rennystone  to  Great  Cotl 

4.  Great  CkMl     „. 

5.  Three  Quarter  Ironstone         ...  ...  ^ 

6.  Three  Quarter  Cool     ... 

7.  Clumper  (Blackbind  with  IroniitoiM  eoncreCioiis) 

8.  KmithCoal 

9.  Coal-meaaoret  

10.  Four-feet  Coal  ., 

11.  Meaamret        „,  ,„  „.  .^  ,„ 

12.  Gutter  Goal,— 
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13. 


Mcaaures  Tariable      ...  ...  ...  ...  16ft.  to    20 

MilUtone  Grit  ...  200(t.  to  900 

Old  Bed  Sandstone  where  the  Garboniferoos  Limeatone  is  absent. 


7 
0 
0 


The  Brown  Clee  Hill  deposits  rest  upon  MiUstcme  Grit,  though 
I  do  not  think  it  is  more  than  50ft.  tliick.  The  following  section 
will  explain  their  character,  and  wo  shall  see  there  is  a  considerable 
difference  in  the  lower  portion  from  that  of  Combrook.  Here  we 
leave  out  the  Jewstone  cap,  and  below  it  we  have — 

SscnoR  B. 
Jewstone  Black  Coal,— 


1. 


"Tops" 

Black  Shaie  and  FLre-day  '.*.'. 

••  Handftil "  Coal 

^lOCl  •••  ••«  ,a, 

"  Bottoms  »•  


1ft.  Sin. 
I     0 
0     4 

?  i» 


2. 

S. 

4. 
6. 


6. 
7. 
8. 
9. 
10. 


Thick  Tough.    Light  grey  Clod,  containing  Ironstone  in 

lower  part,  varies  in  thickness  from  6  to  12ft,  sav 

Black  Bessie's  Eyes  (Lumpy,  hard,  grizzly  stuff,  with 

black  markings,  rather  rocky  than  cloddy) 
Dark-coloured  Clod  ... 
Three  Quarter  Coal,— 

"Tops»»      4  to  6  in. 

Clod  3 

Bottoms     ...  ...        1ft  9 


3ft.  11^ 
9      0 


Poundstone 
Clampers   . 
Big  Bat     .. 
Clod 
Batty  Coal, 
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S 
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0 
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6 
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0 
6 
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•( 


Handful  »♦  Coal  Oft.  4in. 

Tile  Piece  0      1 

*<  Tops  '*  (Sweet  Flaming  Coal)    ...  1      6 

Cloddy  Bat         0    10 

Bottoms "  (good  for  Blaekamitha)  9     6 


(( 


Coal-measures  to  Top  Bock 
Top  Rock  to  Level  Rock    ...  ..  «. 

Lerel  Bock  to  Bottom  Coal  ...  ^ 

About  9  feet  ab<nre  the  Bottom  CoaL  in  MHne  places, 
is  a  rider  of  Coal,  called  "Foot*'  Coal,  where  it 
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21 
21 
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proTM  workable.  In  a  Clod  about  Sft.  Sin.  lying 
within  this  21  feet,  is  the  Ironstone  which  wu 
formerlr  so  eztentirelT  wrought.  The  nodules  Tary 
fh»n  a  few  pounds  to  naif  a  ton  in  weight. 

14.    Bottom  Goal         ...  Sft  tin. 

8<nnetimes  rests  upon  the  Millstone  Orit,    and  in 
other  cases  is  separated  firom  it  by  a  few  feet,  or  as 


S<nneames  rests  upon  the   Millstone  Orit, 
other  cases  is  separated  firom  it  by  a  few  re 
much  as  fire  at  sue  ysjrds  of  Ckwl^messure. 

Measures  as  described  abore,  say    ... 


15.  Measures  as  described  abore,  say    ...  ...  ...  12      0 

16.  MUlstone  Orit,  say  60      0 

17.  Old  Bed  Sandstone. 

Now  it  is  obvious  that  these  measures  and  Coal-seams  oaxmot 
5  compared  with  the  "  Gutter  CJoal "  of  Combrook,  which  we  have 
en  lies  within  a  few  feet  of  the  Millstone  Orit,  although  they 
.emselves  are  found  lying  on  or  within  a  few  feet  of  the  same  grit ; 
it  we  find  every  element  of  comparison  with  a  zone  of  Coal- 
easures  400  feet  above  the  Gutter  Coal  at  Combrook. 
Thus  I  consider  the  Jewstone  Black  Coal  to  be  the  equivalent 
'  the  Great  Coal,  differing  only  by  its  being  divided  by  a  few  inches 
'  Clod,  and  we  shall  notice  that  all  the  Brown  Clee  Coals  show  the 
me  tendency  to  ''split  up."  Beneath  the  Jewstone  Black  is 
Clod  containing  Ironstone  in  the  lower  part,  and  this  is  the  same 
the  Combrook  "Three  Quarter  Ironstone,"  and  the  "Three 
oarters  Coal"  of  each  locality  is  the  same,  llie  "  Clumper  Beds" 
hich  lie  between  it  and  the  Smith  Coal  of  Combrook  are  not 
anting  between  the  Three  Quarters  Coal  and  Batty  Coal  of  Brown 
lee,  and  we  must  consider  the  Batty  Coal  to  be  the  same  as  the 
nith  Coal.  This  view  is  supported  not  only  by  the  "  Clumpers  "  and 
liree  Quarter  Coal  overlying  it,  but  from  its  very  qucdity  as  fuel, 
ue  portion  is  described  as  a  "Sweet  Flaming  Coal,"  another  as 
l^ood  blacksmiths'  Coal,"  the  same  properties  which  gave  rise  to  its 
ling  called  "Smith  Coal"  at  Combrook.  We  observe  that  it  is 
vided  into  three  seams  by  their  Clods.  At  the  Watsell  pit,  in 
>mbrook  bcisin,  which  is  Uie  nearest  point  to  the  Brown  Clee  at 
bich  I  have  any  shaft  section,  the  "  Smith  Coal"  is  thus  divided : 

Tops  ...  ...  ...       Oft.  9iii. 

Clod  ...  ...  ...       1ft.  9m. 

Coal  ..  ...  ...        2ft.  6in. 

[lus  showing  a  tendency  to  divide  in  the  direction  of  the  Brown  Clee. 
The  Bottom  Coal  with  its  overlying  Eider  must  represent  the 
>ur-feet  Coal  of  Combrook,  though  it  is  separated  from  the  over- 
ing  Coal  by  sixty-four  feet  of  measures.     This  ground  seems 

triable,  for 

At  Cornbrook  it  is  ...            ...  9ft. 

AtWatseUPit    ...  13ft. 

AtKnowlbuTj     ...  ...            ...  28ft. 

The  important  deposits  of  Ironstone  in  the  lower  part  of  this 
ound  are  noteworthy.  In  the  Watsell  pit  no  Ironstone  is  shown  at 
is  horizon,  yet  in  the  Combrook  Pit,  still  further  South,  we  have  in 
is  place  a  six-feet  "  Shale,  with  balls  of  Ironstone."  The  Bottom 
)al,  as  I  have  said  before,  rests  upon  the  Millstone  Grit,  except 
here  a  few  feet  of  Clods  intervene. 

It  is  obvious,  then,  from  the  foregoing,  that  Combrook  was 
e  site  of  a  much  lower  surface  than  the  Brown  Clee  surface  at  the 
ne  the  Four-feet  Coal  was  deposited.    If  the  Millstone  Qrit  ^^x<^ 
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originally  deposited  at  an  average  thickness  of  250  feet  over  tbe 
whole  district  there  may  have  been  an  upheaval  of  it  to  the  extent 
of  about  600  feet,  previous  to  the  deposition  of  the  Four-feet  and 
otlier  Coals  in  the  same  horizon.  Two  hundred  feet  of  it  having 
been  denuded,  the  "  Four-feet  Coal"  was  then  deposited,  covering  the 
accumulated  Coal-measures  of  the  lower  ground,  and  rising  high 
enough  to  rest  upon  the  Millstone  Grit  at  Brown  Clee  (vide  Fig.  1). 
Now  this  explains  to  us  the  anomaly  of  the  same  Goals  resting 
upon  Old  Red  Sandstone,  as  at  Haroott. 

S.  Fio.  1.  N. 

Conbrook.  Brown  Oet. 


cmEAT  COAL 


3 


1.  Coal-meaAuret. 


2.  MUlatone  Grit. 


3.  Old  Bed  Sandstone. 


Harcott  Coals  and  Cornhrook, — ^I  had  examined  these  Coals  some 
niontbs  since  when  working  in  the  forest  of  Wyie.  Seeing  that 
there  was  a  distance  of  420  feet  of  Coal-measure,  and  200  to  800 
feet  of  Millstone  Grit  lying  between  the  main  Coals  of  Corn- 
brook  and  the  Old  Red  Sandstone,  whereas  at  Haroott  the  Coals 
were  within  thirty  feet  of  the  Old  Bed  Sandstone,  I  oould  never  have 
supposed  they  were  identical.  The  Harcott  pits  are  sunk  in  the 
valley  cut  by  the  brook-course  flowing  by  Farlow  Factory  at  the 
N.E.  end  of  Clee  Hill  Common  towards  Kinlet  Thcgr  are  near  to  the 
Western  margin  of  the  forest  of  Wyre  Coal-fleld.  In  sinking  there, 
and  at  Billingslc}',  they  pass  through  the  Sulphur  Coals  of  the 
Yoimger  Coal-measures,  and  at  various  distances  below  tliem  come 
upon  important  Coals  and  Ironstones,  which  might  l)e  very  naturally 
supposed  to  belong  to  the  Clee  Hill  basin  from  its  being  so  near,  but 
there  was  tlie  difficulty  before  mentioned  of  having  no  lower  Coal- 
measure  and  no  Millstone  Grit :  and  again  there  was  no  sort  of 
comparison  to  be  made  with  the  lowest  or  Gutter  Coal.  I  therefore 
concluded  they  were  either  connected  with  the  Coalbrook-dale  dis- 
trict, or  were  formed  in  a  small  depression  marginal  to  tlie  great 
deposits  of  Coal-measure  to  the  East  and  North-east. 

The  section  of  the  Harcott  Pit  shows  the  following  features : — 


Sectiox  C. 

1. 

Coal-meaAores    ... 

•  •• 

2. 

liluo  Bind 

««• 

3. 

Coal 

•  •• 

4. 

Measures 

•  •• 

5. 

Blaek  Shale 

••• 

G. 

Measures 

•  •« 

7. 

Coal 

•  •• 

8. 

Measures 

•  •• 

9. 

Black  Parting     ... 

•  •« 

10. 

Measures 

«  «• 

n. 

Sweet  Coal 

•  ■  ■ 

12. 

Ironstone  and  Rock 

•  •• 

13. 

Coal 

•  •• 

14. 

Clod      

•  •• 

15. 

Coal 

•  •  • 

16. 

Black  Clod  and  large  balls  of  Ironstone 

17. 

Coal 

•  •• 

«•« 

K. 

Clod 

•  •• 

•  •• 

m 

Coal 

•  •• 

••• 

157ft  Oin. 

6 

0 

1 

0 

26 

0 

I 

0 

100 

0 

I 

3 

12 

0 

0 

6 

5 

0 

4 

6 

3 

0 

0 

9 

0 

6 

1 

8 

5 

0 

6 

0 

2 

6 

2 

6 
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Now  if  we  turn  back  to  the  Combrook  section,  distinguished 
Section  A,  we  shall  find  that  the  following  relations  subsist  with 
that  of  Harcott,  or  Section  C,  so  far  as  the  Lower  and  Sweet  Coal^ 
deposits  are  conoemed.  We  shall  refer  to  the  relationship  of  the 
strata  above  those  Coals  later  on : 

A  4  =  en. 

A   5  =s  C12. 

A   6  -i  C  18, 14,161. 

A    7  =  016. 

A   8  =  017. 

A   9  =s  C18. 

AlO  ==  019. 

Considering  that  the  sections  are  from  points  between  six  and 
seven  miles  apart,  it  appears  to  me  both  pass  through  the  same 
geological  horizon  to  the  extent  of  the  foregoing  strata. 

How,  then,  does  it  happen  that  at  Haroott  we  have  no  lower 
Ck)al-measures  and  no  Millstone  Qrit  ?  The  answer  is,  that  previous 
to  the  deposit  of  A  10,  the  Millstone  Grit  had  been  upheaved,  pro- 
bably at  the  same  time  as  that  of  Brown  Clee.  It  was  then  de- 
nuded, not  partially  as  at  the  Brown  Glee,  but  from  top  to  bottom, 
leaving  the  Old  Bed  Sandstone  exposed ;  upon  this  A  10  was  de- 
posited, and  the  others  above  it  in  order  (vide  Fig.  1). 

It  appears  to  me  that  this  upheaval  was  not  confined  to  one  or 
two  points,  but  that  it  extended  away  to  the  North  for  many  miles, 
for  in  the  Coalbrook-dale  field  we  see  that  the  Little  Flint  Coal  (the 
equivalent  of  A  10),  as  I  shall  presently  show,  is  no  great  distance 
from  the  representation  of  the  Orit. 

Harcott  and  Coalbrook-dale, — As  a  preparatory  step,  it  becomes 
necessary  to  revise  the  nomenclature  of  the  Coal-seams  in  the 
Southern  part  of  the  Coalbrook-dale  district,  and  to  make  out  a  clear 
GO- relation  between  them,  and  those  in  the  Northern  portion. 

We  are  led  into  endless  confusion  by  new  names  being  given  to 
old  and  well-defined  beds,  as  well  as  to  the  divisions  of  some  of  the 
thicker  seams  caused  by  **  splitting  up."  Then  an  examination  of 
this  kind  prepares  us  for  certain  changes  which  we  find  developed 
more  and  more  as  we  proceed  southward,  changes  which  have  been 
maintained  even  as  far  south  as  Combrook,  where  they  are  so  great 
that  we  never  could  co-relate  those  deposits  with  Coalbrook-dale, 
nnless  we  fully  established  that  they  are  in  proportion  to  the  distance 
going  south  from  the  North  of  the  Coalbrook-dale  Field. 

The  Penny-measure,  though  changing  from  31  feet  thick  at  Lodge- 
wood,  to  6  feet  at  Madeley,  maintains  its  name  all  through  the  district. 
The  following  names  of  Coals  are  constant  over  the  whole  Northern 
district : — 


Snlphor  Coal. 
Upper  Clunch  Coal. 
Qnnch  Coal. 
Two>feet  Coal. 


Best  Coal. 
Bandle  Coal. 
ClodCbal. 
LitUe  Flint  CoaL 


In  the  Puddley  Hill  Pit  we  find  the  Clunch  Coal  for  the  first 
time  as  we  go  South  called  Sill  or  Silk  Coal.  In  the  Madeley  Pits 
we  find  the  Sulphur  Coal  divides,  and  the  lower  portion  is  called 

^  The  expression  Sweet  Coal  is  commonly  nsed  to  distingnisli  it  firom  Sulphur 
Coal,  which  prevails  in  the  Forest  of  Wyre  Coal-field. 


3C8    2>.  Jone9 — On  the  Carboniferous  Deposits  of  Shropshire. 

VigcT  Coal.  In  the  Madeley  Meadow  Pit  section  'we  have  a  "  Sill 
Coal"  and  a  '*  Bottom  Coal"  shown  above  the  Pennystone.  In  thfi 
same  section  we  find  ''Two -foot*'  Coal,  and  below  it  **  Graney"  CoaL 
Now  the  '  Two-foot'*  here  so  called  is  the  "  Sill  Coal "  nndeiljiiig 
the  *'Viger  Coi\l."  and  the  real  "Two-foot"  is  the  Ganey  ooal, 
for  it  overlies  the  Best  Coal  which  is  the  proper  place  for  the  Two- 
foot  Coal  iu  all  the  sections. 

In  the  Castle  Green  Trial  Pit  we  actually  have  the  Sill  Coal 
immediatoly  Ih>1ow  the  Sulphur  Goal,  and  below  that  the  Yiger  CoaL 
We  then  have  the  Two-foot,  here  called  (janey  Coal,  in  its  proper 
place  over  the  Best  C^nil.  The  Best  Coal  having  with  it  the  Linseed 
Earth,  which  almost  invariably  lies  just  below  it. 

The  term  Midille  Coal  seems  to  be  used  in  cases  where  the  Randle 
Coal  is  divided,  or  where  the  name  Bandle  is  not  given.  *  Thus  in 
the  Castle  Green  Trial  Pit  we  have  "  Middle  and  Clod  Coal  Gob" 
underlying  the  Best  Coal.  Again,  in  the  Lodge  Pit,  Madeley,  the 
'*  Middle  Coal  **  is  shown  lying  between  the  Best  and  Clod  Coal, 
which  is  the  place  for  the  Randle  Coal,  there  improperly  called 
Middle  Coal.  The  terms  -  Sulphur,"  and  '*  Main  Sulphur  Coal,"  in 
the  southern  part  of  the  dbtrict,  are  very  confusing  to  the  inexperi- 
enced. The  Sulphiu:  Coal  of  the  older  deposits  is  always  known  by 
having  the  Poniiy -measure  above  it,  whereas  the  Sulphur  Coals  of 
the  younger  series  are  very  numerous,  and,  with  the  exception  of  one 
which  luis  the  Spirorbis  Limestone  overlying  it  at  about  13  to  20 
yards,  I  know  of  no  associated  stratum  sufficiently  persistent  to 
enable  me  to  ^x  their  horizon  in  the  measures.  However,  by  the 
"  Main  Sulphur  Coal  "  is  meant,  in  the  South,  the  Touuger  Sulphur 
Coal,  having  tlie  Spirorbis  Limestone  within  13  to  20  yards  above  it 
Indeed,  it  is  there  much  thicker  than  the  Sulphur  Coal  which  under- 
lies tho  Penny-measure.  That,  like  the  Pennystone,  seems  to  be 
subject  to  the  Siune  law  of  attenuation  as  wo  proceed  southward. 

We  have  in  the  Madeley  Meadow  Pit  a  *'  Bottom"  Coal,  four  feet 
thick,  above  the  Pennystone  ;  it  is  the  same  as  in  every  other  case  is 
called  Upper  or  Big  Flint  Coal.^  Tlie  following  table  will  show  the 
true  relationsliip  of  these  Coals. 

Iforth.  South, 

SQlphur  Coal „ j  ^^^P^"- 

Upper  Gunch  \  cm  p..,  j  l-ppvr  and 

Lowtr  Clunch  J ***"  ^***'  i  Lower. 

Two-feet  Coal ^l"ll^"''^* 

Bent  Coal B«it  Toal. 

Randlf  foal Middle  CoaL 

Clod  Coal  Clod  Coal. 

Little  Flint   „,  UlUe  Flint. 

We  shall  now  know  of  what  C-oals  we  are  treating,  whether  the 
name  be  borrowed  from  the  North  or  South. 

Now  as  to  the  law  of  attenuation  affecting  the  Penny -measure, 
Sulphur  Coal,  and  the  Clunch  Coals,  as  we  go  from  North   to  South, 

The  Pennystone  decreases  in  thickness  fh>m  31  feet  to  6  feet ; 
Sulphur  CkNil  from  5  or  G  feet  to  two  seam)»,  1  ft.  4  in.  and  1  ft.  3  in. ; 
aunch  Coals  together  3  ft.  6  in.  to  1  ft.  6  in. 


1 


The  Bider  Coal  is  the  Double  CoaL 
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Another  law  which  prevails  is  that  the  distance  from  the  Penny- 
8tone  to  the  Best  Coal  is  increased  as  we  proceed  from  North  to  South, 
as  will  best  be  shown  by  the  following  measurements  in  the  several 
sections  there  mentioned : — 

ft.  in. 

OnuiTiUe  Pit 16  S 

Lodgewood  S2  9 

Wombridge  22  6 

LawlejNew  Works   SO  6 

Little  Wenlock 17  6    twj  maoh  to  the  WMt. 

Lightmoor S4  5 

CMtle  Trial  Pit 47  4 

Lodge  Pit,  aCadeley 60  5 

Meadow  Pit,  ditto  65  6 

Yew  Tree  Pit  (Calcat  Keld) 74  0 

The  distance  from  North  to  South  over  which  these  observations 
are  made  is  about  six  miles.  Now  suppose  the  Coal-field,  instead 
of  being Isut  off  by  Symon  ground  (t.e.,  denudation)^  to  the  south  o  f 
Oaughley,  was  continued,  say  as  far  as  Harcott,  which  is  still 
farther  south  about  12  miles,  did  this  law  still  prevail  the  distance 
between  these  two  horizons  of  Penny-measures  and  Best  Coal  would 
be  so  much  more  increased.  Indeed,  the  argument  would  be  that, 
as  in  six  miles  the  thickness  had  increased  68  feet,  it  would  be 
increased  by  116  feet  more  at  12  miles  further  south,  and  as  the 
total  thickness  at  the  Yew  Tree  Pit  is  74  feet,  at  Harcott  it  would 
be  74  + 116  =  190  feet. 

I  hope,  presently,  to  show  that  this  is  approximately  the  case,  as 
proved  by  the  Harcott  section,  which  is  sunk  through  what  I  believe 
to  be  a  patch  of  the  older  Coal-measures,  which,  like  Shirlot,  Brown 
Clee,  and  Combrook,  are  islands  of  Coal-measure  which  have  escaped 
the  denudation  by  which  they  have  been  isolated  from  the  parent 
field.  In  the  first  place  we  will  see  how  far  the  Lower  Coals  of 
Harcott  compare  with  those  in  the  Southern  part  of  the  Coalbrook- 
dale  field.  Before  I  had  discovered  that  there  was  any  relationship 
between  the  Clee  Hills  and  Harcott,  I  had  seen  that  they  were 
undoubtedly  the  representatives  of  the  Best,  Eandle,  Clod,  and  Little 
Mint  Coals  of  Coalbrook-dale.  It  will  be  observed  that  Ironstones 
set  in  between  the  Clod  and  Little  Flint  Coal  south  of  a  line 
drawn,  say  from  Ironbridge  to  Cuckoo  Oak.  There  we  have  them 
described  as  "  Clod  Coal  Pennystone  "  and  "  Large  nodules  of  Iron- 
stone." It  would  appear,  then,  that  as  we  proceed  southward,  not 
only  do  the  changes  before  mentioned  take  place,  but  tliis  new 
feature  sets  in,  and  is  not  only  maintained,  but  considerably  increased, 
as  shown  in  the  Harcott  section.  The  following  sections  are  from 
Hills  Lane  Pit,  the  Meadow  Pit  (Madeley),  and  Amies  in  the 
Coalbrook-dale  district. 

Meadow  Pi7.— Section  D.  ft.  in. 

1   Beat  Coal  2  8 

2.  Clod  {rery'hartji'ift*  sinii  aod^  4  6 

8.  Middle  Coal  (very  indifferent)  2  8 

4.  Clod 0  10 


6.  Clod  Coal  (very  good) 1    10 

"  ing,  tin.,  Poana« 

7.  Little  Flint,  Coal  Flint,  very  hard  and  full  of  large  Ironstone    IS    10 


6.  Pricking,  7in.,  Poundstone,  2ft.  lin 2      8 


8.  Little  Flint  Coal    8      4 

9.  Crawstone  measure  and  Crawstone 2      5 

10.  Coal  under  Crawstone 0      6 

1  Tide  Gbol.  Mao.,  May,  1871,  On  the  Denudation  of  the  CoalbiOQk-da\!^Q,^^-^^^ 
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1.  B««t  Coal. 

2.  BaMct  .... 


HilU  LoiM.— BmUoh  E. 


ft*   io- 


!••«•«•...•••.•••••■••«••«••.••••••••••«••■•••■«    •»<••■•—»■——»—••<••< 


S.  Handle  Coal   ^ 

4.  Clunch 

5.  Clod  Coal , 

6.  Clod  Coal  Cluneh «, 

7.  Clod  with  Irouatone  (larg«  nodules  of  Irontttme) 

8.  Hard  Rock 

9.  LilUe  Flint  Coal 

10.  Bock  in  the  Coal   ». 

11.  Lower  Uttle  Flint  Coal  „ , 


••••**••«■••••••«• 


t.  Best  Coal 

2.  .Middle  Coal 

8.  Clod  Coal 

4.  IMcking  , 

5.  Clod  CoaU  Pennystone 

6.  Black  Clod 

7.  Hard  Stone 

8.  Flint  Coal    


Ami«$  (A-vas/^y).— SeetiQB  F. 


•wmmmmmmmm 


■•••••••• 


If  we  turn  back  to  Section  0,  which  is  that  of  ELaroott,  and  compan 
it  with  the  foregoing,  I  think  we  shall  find  an  unmistakable 
similarity  which  we  may  most  readily  express  as  follows : 

C  11  =  D  1,  E  1,  F  1. 

C13  =  D3,E3,  F2. 

ClAsDS,  E6,  FS. 

C 16  =ir  D  6,  7,  E  6,  7.  8,  F  4,  5,  6.  7. 

CI7»D8,  Edandll,  F8. 

C  19  must  be  a  greater  development  of  the  Lower  Flint  Coal  or 
the  Crawstone  Coal.  I  have  drawn  these  out  to  a  scale,  and  find  a 
very  satisfactory  comparison. 

llie  strata  above  these  Coals,  though  they  are  not  so  obviously 
continuations  of  the  Coalbrook-dale  strata,  yet  in  connexion  with  tlM 
same  strata  at  Combrook  there  is  much  to  be  said  about  them. 

I  have  shown  before  how  the  ground  between  the  Best  Coal  and 
the  Pennystone  might  at  Harcott  be  190  feet  thick,  or  even  more  at 
Combrook.  Now,  at  Combrook  we  find  at  163  feet  above  the  repre- 
sentative of  the  "  Best  Coal,"  there  is  a  stratum  of  Pennystone  6ft. 
thick.  At  Watsell  pit  it  is  135  feet  between  the  two.  The  Penny- 
stone is  not  shown  in  the  Brown  Clee,  because,  as  at  Shirlot,  it  has 
been  denuded.  At  Knowlbury,  a  little  south-west  of  Combrook,  the 
Penny-measure  is  not  recorded  in  the  section;  but  160  feet  abovB 
the  Great  Coal  is  a  stratum  of  Bind  6  feet  thick,  lying  between  a 
White  Eock  14  feet  thick  above  and  a  hard  White  Rock  of  42  feet 
below.  At  90  feet  above  the  Bind  is  ''  Measure  containing  laigs 
nodules  of  Pure  Ironstone,"  but  I  am  not  inclined  to  think  it  is  the 
equivalent  to  the  Pennystone.  I  will  not  say  it  may  not  be  the 
equivalent  of  the  Ball  Stone,  but  of  this  I  am  quite  doubtful,  as 
tliere  is  no  means  of  accounting  for  the  absence  of  the  Coals,  which 
are  so  thick  and  numerous  in  this  horizon  in  the  Coalbrook-dale  Field. 
I  am  inclined  to  think  that  the  Bind  holds  the  place  of  the  Pennj- 
stone,  and  if  Ironstone  is  not  mentioned,  it  is  because  the  whole 
stratum  degenerates  in  thickness  and  Ironstone.  We  observe  that 
at  Combrook  and  Knowlbury  there  are  no  Coals  to  represent  the 
Sulpliur,  Viger,  or  Sill  Coals.  Indeed  when  we  find  that  tt 
Madeley  Meadow  Pit  the  Sulphur  Coal  is  only  1ft.  4in.,  the  Viger 
1ft.  3in.,  and  this  in  obedience  to  a  law  of  Southerly  att-onuation,  I 
do  not  think  we  can  bo  much  surprised  if  they  are  absent  altogether 
at  fifteen  or  sixteen  miles  further  South. 
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At  Harcotty  however,  which  is  twelve  miles  South  of  Madeley,  it 
seems  to  me  that  we  have  some  representative  of  them.  The  Coal 
No.  7,  in  Section  C,  which  lies  17  feet  above  the  Coal  No.  11  r 
Section  C,  is  probably  the  Gkiney  Coal.  At  lOO  feet  above  thi» 
Ganey  Goal  is  a  Black  Shale,  No.  5,  Section  C,  which  I  consider  to 
be  the  representative  of  the  Viger  Coal;  and  25  feet  above  this* 
is  No.  8  Coal  (Section  C),  only  one  foot  thick,  which  I  take  to  be* 
the  Sulphur  Coal.  Upon  this  is  &  Blue  Bind,  five  feet,  whicb  i» 
probably  the  Pennystone  Measure,  without  any  Ironstone-  in  it,  as  at 
knowlbuiy.  Naw  from  No.  11,  Section  C,  which  represents  tfte 
Great  Cbal  to  this  Bind,  No.  2:  (Section  C),  is  150-  feet,  about  the 
same  as  at  Cbmbrook.  I  admit  the  case  is  not  so  strongly  inn  favour 
of  the  upper  measures  as  of  the  lower. 

In  the  Billingsley  Engine  Pit  Section  we  have  two  small  Coals  of 
ten  incfae»  each  at  seventy  feet  below  the  zone  of  productive  Coal- 
teams.  These  may  represent  the  Lancashire  Ladies'  or  Csawstone 
Goal  of  Coalbrook-dale. 

If  the  co-relation  is  thus  established,  many  curious  and  interesting 
inquiries  will  spring  out  of  it,  as  to  the  denudation  of  the  Coal- 
measures  to  the  South  of  the  cWbrook-dale  field,  and  as  it  would 
fuppear  by  the  same  process  as  channelled  out  the  valley  of  the 
l^nnon  fault  as^  far  North  at  least  as  Prior's  Lee,  leaving  the  Coal- 
biook-dale  field  in  fact  an  isolated  Coal-patch,  as  we  have  shown  the 
dee  Hills,  Haroott  and  Shirlot  to  be  from  the  main  Coal  deposits  of 
the  Midland  counties,  unless  it  be  connected  with  them  somewhere 
to  the  North  ^  PHor*s  Lee. 


I. ^BSPOBT  OF  THS  ChIBF  COMinSSIONEB  OF  MiNZS  FOB  THS  PRO- 
VINCE OF  Nova  Scotia,  fob  the  YsAia  1870.  8vo.  pp.  66. 
(Halifax,  1871.) 

THIS  report  of  Mr.  Koberston,  the  Chief  Commissioner,  supple- 
mented by  that  of  the  Inspector  of  Mines,  Mr.  Butherford, 
flihows  the  gold  and  coal  mining  operations  that  have  been  carried  on^ 
in  the  various  districts  during,  the  past  year.  As  regards  gold 
mining,  the  districts  of  Stormont,  Wine  ^u-bour,  and  Shorbrooke, 
have  each  returned  more  gold  than  in  the  year  1869,  and  Tangier, 
Oldham,  and  Montagu^  more  than  in  any  year  previous.  The  other 
diatricts  show  a  falling  ofif,  but  on  the  whole  there  has  been  a  con- 
■iderable  increase  in  the  quantity  of  gold  obtained.  Better  modes 
of  mining  and  amalgamating  are  wanted,  and  until  these  are  intro- 
daoed,  gold  mining  cannot  be  carried  on  in  any  but  the  richest  places. 
As  for  the  coal  mines,  it  is  stated  that  there  are  &  number  so  well 
managed,  that  they  would  be  a  credit  to  any  country,  and  could  now 
supply  any  demand  that  is  likely  to  be  made  upon  them  for  some 
yean. 
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II. — On  the  Cause  of  the  Motion  ov  Gukoima. 

Bj  John  Ball,  F.B.S. 
[PhUotophieal  Magatine,  Febnuiy,  1871.] 

rthe  Geological  Magazine  for  Deeember  last  we  gave  a  ihort 
notice  of  a  paper  by  Mr.  Ooll,  in  whic^  he  endeavoured  to 
prove  the  motion  of  a  glacier  to  be  molecular.  To  this  Mr.  Bill 
replies  in  the  paper  now  before  us.  He  questions  'vrhether  ibe 
onlinary  theory,  which  affirms  that  a  glacier  desoends  bj  its  wei^;^ 
through  the  processes  of  fracture  and  regelation,  has  been  overtlumn 
by  tlie  arguments  and  observationB  opposed  to  it  by  Canon  Moaelij, 
and  which,  according  to  Mr.  CroU,  successfully  show  the  insufficieBCf 
of  tlie  theory.  These  opinions  are  combated  by  Mr.  Ball,  wiio 
tlien  proceeds  to  explain  ^e  cause  of  glacier-motion  as  it  appeazi  to 
him  to  be  most  consistent  with  the  facts.  He  remarks  that  glaeier- 
ice  is  a  substance  which  at  the  temperature  of  freezing  is  capablfl 
of  yielding,  very  slowly,  to  moderate  pressure,  and  that  a  portion  of 
the  motion  of  all  glaciers  is  due  to  this  cause,  and  is  effected  in- 
dependently of  fracture  and  regelation.  Olacier-ioe,  though  im- 
perfectly solidified,  is  yet  rigid  enough  to  transmit  very  oonsiderabk 
pressure ;  but  there  is  a  limit  at  which  pressure  upon  Uie  ice  (vrhidi 
has  a  fixed  internal  temperature  of  32^  Fahr.)  has  the  effect  of 
reducing  it  to  the  liquid  state.  At  any  given  moment  of  the  progrev 
of  a  great  glacier,  especially  in  summer,  certain  points  are  subjected 
to  enormous  pressure.  The  eflfect  may  either  be  that  fracture  ensues 
at  that  point,  and  so  continues  further;  or  else  the  pressure  liquefies 
a  ])ortion  of  the  ice :  and  the  water,  even  if  it  cannot  escape,  occupies 
less  sj)ace  tlian  it  did  l>efore;  so  that  the  effect  of  transferring 
the  maximum  pressure  from  one  point  to  another  is  accomplished. 
It  is  this  process  which  Mr.  Ball  has  compared  to  the  progress 
of  a  huge  snake,  whose  movements  are  effected  not  by  simultaneous 
ellort  at  every  point,  but  by  the  transmission  of  muscular  energy 
from  one  point  to  another. 

III. — TuE  SriKORBis  Limestone  in  the  Forest  of  Wtbe 

Coal  Field. 

By  Daniel  Joxes,  F.G.S. 
[A  paper  read  befon-  the  Manchester  Geological  Society,  20th  December,  1870.] 

Ml{.  Jon(^s  brin^j^s  forward  some  additional  information  respecting 
thi*  r)conrroiice  of  Spirorbis  Limestone  in  the  Forest  of  Wjie 
Coal-fieM,  occupying:  a  district  lying  l>etween  the  Abberley  Hills 
and  Brid^enorth.  This  limestone,  which  occurs  in  the  Upper  Coal- 
nu'jisiuvs,  has  been  describe<l  by  Sir  R.  Murchison  in  the  Shrewsbury 
Coal-fu'ld  as  being  about  seven  feet  thick,  and  divided  into  two  beds, 
tlie  uppt^nno.st  of  wliieh  is  a  compact  cream-coloured  rock,  slightlj 
argillac(?oiis,  with  a  spUnttjry  conchoidal  fracture  and  dull  lustre; 
the  lowtT  is  a  cellular  limestone,  the  cavities  being  filled  with  calc- 
spar  and  black  bitumen.  Singularly  enough  these  two  beds  are  still 
developed  in  the  Forest  of  Wyro,  where  the  formation  is  of  much 
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less  thickDess.  It  was  originally  pointed  out  in  this  area  by  Mr. 
Binney,  to  whose  observations  Mr.  Jones  has  been  enabled  to  add 
aeveral  new  facts  regarding  its  distribution. 


IV. — ^Ebnbst  Favbb  on  thb  Gsolooy  of  thb  Alps.* 

fTTHE  group  of  mountains  which  forms  the  subject  of  this  little 
J.  work  lies  between  Ch&tel-Saint-Dems  and  the  valley  of  the 
Sarine ;  it  is  composed  of  Niremont  and  the  Corbettes,  of  the  Mol^son 
group,  and  of  a  part  of  the  Verreaux  diain. 

The  work  is  divided  into  two  parts :  the  first  is  devoted  to  a 
geological  description  of  the  area,  illustrated  by  plates  of  sections ; 
the  second,  to  a  special  study  of  the  strata  and  of  the  organic  remains 
found  in  them. 

The  structure  of  Niremont  is  shown  to  be  that  of  an  inverted  fold, 
the  crown  or  apex  of  whidi  does  not  occur  at  the  highest  part  of  the 
mountain,  and  this  is  also  the  case  with  Corbettes,  which  presents  two 
inverted  folds.  The  Moleson  group  forms  an  elongated  mass, 
stretohii^  in  a  north-east  and  south-west  direction,  and  isolated 
from  the  suprounding  mountains ;  its  structure  is  very  regular.  On 
whatever  side  one  climbs,  one  reaches  from  the  base  to  the  summit 
more  and  more  recent  beds  of  Jurassic  and  Neocomian  age,  which 
dip  on  either  side  (north-east  and  south-west)  towards  the  centre. 
Further  to  the  east,  at  the  foot  of  the  mountain  mass,  the  lie  of  the 
strata  is  different.  Here  BhsBtic  and  Triassic  beds  are  met  with, 
highly  inclined,  and,  indeed,  plunging  beneath  the  mountain  mass. 
These  beds  are  repeated  further  East,  owing  to  an  anticlinal. 
The  Verreaux  chain  forms  an  abrupt  escarpment  to  the  West,  the 
beds  dipping  gently  to  the  East  Jurassic  and  Cretaceous  strata 
form  this  ridge. 

The  author  then  turns  his  attention  to  the  palcBontology  of  the 
beds,  which  include  the  Triassic,  Bhsetic,  Liassic,  Oolitic,  Neocomian, 
Cretaceous,  and  Tertiary  strata. 


laSVIE'WS- 


I. — Ths  Phosphate  Books  of  South  Carolina  and  ths  "Grkat 
Carolina  Marl  Bed."  By  F.  S.  Holmes,  pp.  87.  (London  : 
Triibner  &  Co.,  1870.) 

THE  object  of  this  pamphlet  is  to  give  a  popular  and  scientific 
view  of  the  origin  and  geological  position  of  the  Phosphate 
rocks,  to  point  out  their  chemical  and  agricultural  value,  and  to 
record  the  history  of  their  discovery  and  development 

The  "  Great  Carolina  Marl  Bed "  is  regarded  as  of  Eocene  age. 
It  is  extensively  developed  on  the  Ashley  and  Cooper  Bivers,  where 

^  Etades  8ur  la  G^ologie  des  Alpes.  Par  Ernest  Favre.  I.  Le  Massif  du  Moleson 
et  les  Montagnes  envinmnantcs  dans  le  Canton  de  Freibourg.  8vo.  pp.  48.  GencTa 
ei  Basle,  1870.  Tir6  dea  ArchiToe  des  Sciences  de  la  Bibliothdqne  TJniyerselle, 
tome  xxxix. 
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it  is  mainly  composed  of  Polythalamia ;  namerons  fish  remai 
bones  and  teeth  of  Cetaceans,  are  also  met  with  in  iL 
Sontee  Biver  another  bed  of  Eocene  marl  occqib,  older  than  H 
of  Ashley  and  Cooper  rivers,  and  composed  principally  of  shi 
corals.  The  Marl  beds  attain  a  thiclmess  of  seTen  hundred 
the  Artesian  Well  at  Charleston.  They  yield  from  55  to 
cent  of  Carbonate  of  Lime.  Mr.  Holmes  also  describes  a  ' 
stone"  or  Millstone  Grit  of  Eocene  age,  originally  a  marl  bed 
has  \)OQn  subsequently  silicified.  The  silica  has  been  obtains 
superincumbent  sand  beds,  and  as  hot  water  will  diaaolvi 
largely,  he  Uiinks  it  ''not  a  wild  supposition  that  the  waten 
Tertiary  sea  may  have  been  at  one  time  heated,  and  thns  fac 
the  solution  of  the  silica.*'  We  should  have  been  glad  to  m 
evidence  in  support  of  this  statement,  although  it  ia  indoi 
Professor  Tuomcy. 

Tlie  Phosphate  rocks  are  of  Post-Pliocene  age,  derived,  ao 
to  Mr.  Holmes,  from  Uie  Eocene  Marl-bed,  which  is  the  fom 
of  Ihe  whole  of  the  sea-board  country  of  South  Carolina. 
nodular  fragments  of  Eocene  rocks  are  composed  (like  the 
rock  from  which  they  are  derived)  entirely  of  marine  r 
I^lingled  with  them  are  the  bones  of  large  land  animals,  sucl] 
Mauimoth,  Mastodon,  Bhinoceros,  Megatherium,  and  the  g 
reptile  Hadrosaurus,  etc. 

The  author  describes  the  formation  of  these  Phosphate  be< 
coast-lino  of  shallow  water,  where  irregular  and  undulating 
banks  rested  upon  the  surface  of  the  great  Marl-bed.  The  sui 
this  bed  where  exposed  was  worn  into  cavities  and  holes,  inde 
Holmes  remarks,  into  a  coarsely  honey-combed  surface,  from 
fragments  wore  continually  broken  off,  rolled,  and  finally  de; 
in  the  hollows  and  basins  below  the  ocean  level. 

A  great  elevation  of  the  country  subsequently  ensued,  a 
basins  remained  as  so  many  salt-water  lakes,  having  their  b 
covered  w^ith  a  layer  of  the  nodular  fragments  of  Marl-ro< 
was  after  this  elevation  that  the  bones  and  teeth  of  the 
Pliocene  animals  became  mixed  with  tlie  nodules.  Tlien  the  g 
quadrupeds  •*  which  roamed  the  Carolina  forests,  rei)aired  perio 
to  these  Salt-lakes,  and  during  a  series  of  indefinite  agei 
engage"!  fii-st  sipping  brine,  then  licking  salt  and  deposit! n| 
fa?cal  remains,  and  ultimately  their  bones  and  teeth,  in  fac 
dead  bodies,  in  these  great  open  crawls  or  pens." 

To  account  for  the  GO  per  cent  of  Phosphate  of  Lime  whid 
nodides  contain,  the  author  devotes  but  a  small  space.  Tlie 
version  from  a  Carbonate  to  a  Phosphate  he  considers  to  be  d 
dissohition  of  the  Carbonate  of  Lime  by  water  holding  C« 
acid,  and  the  Phosphoric  acid  was  obtained  from  the  animal  r 
associated  with  the  nodides. 

That  the  economical  part  of  this  work  will  prove  useful  "vt 
little  doubt ;  wo  are  sorry  we  cannot  say  so  much  for  the  the< 
or  purely  scientific  portion.  The  work,  wo  should  ment 
illustrated  with  five  gorgeous  plates. 
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n. — ^Thb  Existekob  of  Man  ik  thi  Tbbtiabt  Epooh. 

ByALPHONSB  Fatbb. 

rBe  rExittence  de  rHomme  ^  I'Epoqae  Tertiaire.    Tir6  dee  AroluTee  dee  Sciencee 
de  la  Biblioth^ue  UniTereelle,  F^yner,  1870.] 

THE  aim  of  this  paper  is  to  bring  down  the  Stone  age  to  the 
Tertiary  period.  The  author  observes  that  so  far  as  the  climatal 
conditions  of  Tertiary  times  are  oonoemed,  no  difficulty  presents 
itself,  as  they  were  favourable  to  the  existence  of  man.  If  he  did 
exist  at  so  remote  a  period,  he  would  have  been  associated  with  a 
fauna  and  flora  very  different  from  those  of  the  present  time,  and  he 
must  then  be  classed  with  those  genera  that  have  existed  during  two 
Buocessive  geological  epochs.  We  must  not  therefore  be  surprised 
at  the  caution  of  scientific  men  in  receiving  these  new  views ;  the 
scientific  man  is  nothing  unless  sceptical. 

Passing  on  to  the  facts  of  the  case,  M.  Favre  mentions  that  so  long 
ago  as  1863,  M.  Desnoyers  communicated  to  the  Academy  of  Sciences 
some  observations  made  at  Saint-Prest,  near  Chartres,  in  which  the 
ooourrence  of  human  works  in  Pliocene  deposits  was  pointed  out 
M.  Desnoyers  found  a  large  number  of  bonea  in  stratified  sand  of 
fluviatile  appearance,  and  mixed  with  flint-graveL  The  bones,  as 
determined  by  M.  Lartet,  are  the  following :  Elephas  mertdionalis, 
Bhinoceros  etruscus.  Hippopotamus  major  (?),  Eguus  Amensis,  Cervus 
Camutorum  and  two  otiier  species  of  CervuSy  Bos,  and  Trogontherium 
Cuvieri,  These  fossils  and  the  sands  in  which  they  were  embedded 
have  been  classed  as  of  Upper  Tertiary  or  Pliocene  aga  M.  Desnoyers 
observed  on  the  surface  of  these  bones  certain  scratches,  varying  in 
form,  length,  and  depth,  and  passing  over  the  edge,  which  he  thought 
could  not  be  accidental,  and  led  him  to  imagine  that  they  had  been 
made  by  flint-blades,  and,  in  fact,  by  the  hand  of  man.  From  these 
facts  he  concludes  that  man  co-existed  with  the  Elephas  meridionalis, 
and  other  Pliocene  species.  The  age  of  the  deposits  is  undoubted, 
but  not  so  the  cause  of  the  markings  found  on  the  bones.  Sir  Charles 
Lyell  gave  some  bones  to  pigs  to  gnaw,  and  found  the  markings  made 
by  their  teeth  to  be  very  similar  to  these  alleged  human  scratches,  and 
he  therefore  concluded  that  they  were  made  by  the  great  Beaver,  or 
some  other  animal. 

However,  some  more  unequivocal  evidence  than  the  scratched 
bones  was  soon  found ;  for  in  1867  M.  TAbb^  Bourgeois  announced 
to  the  Academy  that  he  had  found  in  these  sands  of  Saint-Prest 
worked  flints,  such  as  lance  or  arrow-heads,  stampers,  scrapers,  etc. 
These  flints  were  much  more  rudely  worked  than  those  of  Amiens 
or  Abbeville.  Soon  after,  M.  Bourgeois  announced  the  discovery  of 
worked  flints,  not  only  in  Miocene  marls,  but  also  below  the  Beauce 
limestone,  which  is  older.  He  found  these  flints  in  nearly  all  the 
beds  separating  this  ancient  deposit  from  the  Alluvium,  as  can  be 
seen  in  a  section  at  Thenay,  near  Pont  Levoy,  Department  of  Loir- 
et-Cher. 

Many  scientific  men  refuse  to  believe  that  these  flints  are  of  human 
workmanship.   On  the  other  hand,  many  assert  tb&ttk'^'^  «x^  ^\i\»x!A 
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implements,  and  this  idea  is  supported  by  MM.  Hamy,  Cotteia 
^[arquis  de  Yibraye,  Dupont,  de  Mortillet,  and  De  Wotbsb. 

To  sum  up,  the  evidence  of  man  in  the  Tertiary  epoch  seemi  to 
rest  upon  the  evidence  of  the  scratched  bones,  marked,  aooording  to 
M.  DcsQoycrs,  by  man ;  according  to  Sir  C.  Lyell,  gnawed  by  aome 
animal ;  and  upon  the  stronger  evidence  in  the  shape  of  radely- 
fashioned  flint  implements,  which  is  supported  by  many  high  anthod- 
ties,  but  rejected  by  others.  F.  J.  B. 

III. — A  Visit  to  Sydmet  and  thk  Cudgegono  Diamond  Mnm. 
By  Angus  Mackat.     8vo.  pp.  64.    (Melbonme,  1870.) 

THIS  is  an  interesting  sketchy  narrative  of  Mr.  Mackay's  visit  to 
the  Cudgegong  Diamond  Mines.  Commencing  with  an  aoooant 
of  his  journey  from  Melbourne  to  Sydney,  he  gives  a  notice  of  flie 
present  state  of  the  latter  city  and  of  the  changes  it  has  of  late  yean 
undergone.  Then  he  visits  the  Lithgow  Valley  Coal-field,  and 
afterwards  takes  coach  to  Mudgee,  a  thriving  town,  pleasantly 
situated  in  an  oi)en  level  country,  through  which  the  Cudgegong  or 
j^Iudgee  river  flows.  The  nearest  diamond  workings  are  at  a  plaoe 
called  Two  Mile  Flat,  twenty-two  miles  distant  to  the  westward ; 
two  or  three  miles  from  this  hamlet  is  the  head-quarters  of  the 
Mudgeo  Gold  and  Diamond  Washing  Company.  It  is  a  portion 
of  the  ancient  river-bed,  considered  to  be  of  Older  Pliocene  age, 
thirty  or  forty  feet  above  the  present  channel  of  the  river,  which 
lias  Ijeen  found  to  be  rich  both  in  gold  and  diamonds, — indeed,  the 
gold  alone  should  give  excellent  returns  if  the  ground  be  worked 
with  ordinary  skill.  The  gold  is  derived  from  the  Upper  Silurian 
rocks.  The  great  question  of  interest,  however,  is,  Whence  come  the 
Diamonds?  Upon  this  point  opinions  are  at  variance.  Judging 
from  tlio  facts  that  the  diamonds  found  in  the  ancient  Drift  are 
almost  without  exception  perfectly  formed  and  unabraded,  whereas 
those  found  iu  the  present  river  alluvium  show  marks  of  the  ill-usage 
they  havo  met  witli  among  the  pebbles  and  boulders,  it  is  inferre*! 
that  the  diamonds  were  formed  in  the  older  Drift  after  its  deposition. 
On  the  other  hand,  the  diamonds  may  have  been  brought  with  the 
disintef^rated  rocks  which  supplied  the  Drift.  Further  observations 
are  needed  before  a  definite  conclusion  on  the  subject  can  be  arrived 
at.  Meanwhile,  it  is  interesting  to  have  an  account  of  the  processes 
carried  on  in  these  gold  and  diamond  workings,  which  Mr.  Mackay 
has  set  forth  in  a  popular  manner  in  the  little  pamphlet  now  before  us. 


Geological  Society  of  London. — I.  May  24th,  1871. — Prof.  John 
Morris,  Vice-President,  in  the  Chair.  The  folloWng  communications 
were  read: — 1.  ** On  the  principal  Features  of  the  Stratigraphical 
Distribution  of  the  British  Fossil  Lamellibranchiata."  By  J.  Logan 
Lobley,  Esq.,  F.G.S. 

In  this  jjaper  the  author  showed,  by  means  of  diagrammatic  tables, 
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what  appears  to  be  the  present  state  of  our  knowledge  of  the  general 
stratigraphical  distribution  of  the  fossil  Lamellibranchiata  in  Britain. 
As  a  class,  the  Lamellibranchs  are  sparingly  represented  in  the 
liower,  and  more  numerously  in  the  Upper  Silurian  group,  and  fall 
off  again  in  the  Devonian  ;  they  greatly  increase  in  number  in  the 
Carboniferous,  become  scanty  in  the  Permian  and  Trias,  and  attain 
their  maximum  development  in  the  Jurassic  rocks.  They  are  also 
largely  represented  in  the  Cretaceous  and  Tertiary  series.  The 
stratigraphical  distribution  of  the  two  great  subordinate  groups,  the 
Siphonidia  and  the  Asiphonida,  corresponds  generally  with  that  of 
the  dass ;  the  Siphonida  predominate  over  the  Asiphonida  in  Tertiary 
formations,  whilst  the  reverse  is  the  case  from  the  Cretaceous  series 
downwards.  Nearly  all  the  families  of  Lamellibranchs  are  repre- 
sented in  the  Jurassic  and  Carboniferous  rocks,  and  in  the  former 
very  largely.  The  author  remarked  especially  on  the  great  develop- 
ment of  the  Aviculidad  in  Carboniferous  times. 

Discussion. — Mr.  Etheridge,  after  noticing  the  importance  of  tife  paper,  remarked 
that  possibly  the  n-eat  difference  obserred  in  the  proportions  of  the  Lamellibran- 
ehiata  in  dinerent  formations  might  to  some  extent  be  due  to  our  want  of  knowledge. 
Of  late  years,  in  the  Garadoc  and  Lower  Silurian  series,  the  number  of  species  had 
been  nearly  doubled,  principally  through  the  persevering  industry  of  one  single 
obsenrer,  Lieut.  £dgell.  The  same  was  to  some  extent  the  case  in  the  Carbouifcrous 
rocks,  owing  to  the  collections  of  Mr.  Carrington.  Much  was  also  beinf  done  for  the 
Oolitic  series,  in  connexion  with  which  the  names  of  Mr.  G.  Moore,  Mr.  Sharp,  and 
Dr.  Bowerbank  ought  to  be  mentioned.  Mr.  Griffiths  and  the  Bey.  Mr.  Wiltshire 
were  doing  the  same  work  for  the  Gault.  What  the  late  Mr.  S.  P.  Woodward  had 
done  as  to  the  distribution  of  the  different  species  of  moUusks  through  time,  Mr. 
Lobley  was  doing  on  a  larger  and  more  extended  scale. 

Prof.  Bamsay  was  glad  to  find  that  Mr.  Lobley  was,  to  some  extent,  doing  the 
same  for  the  Lamellibranchiata  as  Mr.  Davidson  had  done  for  the  Brachiopoda.  He 
did  not  know  how  the  case  might  be  with  the  Silurian  and  Devonian  formations,  but 
in  the  Carboniferous  strata  the  Lamellibranchiata  were  obtaining  a  preponderance 
over  the  Brachiopoda.  He  accounted  for  their  comparative  absence  in  formations  of 
other  ages,  especially  between  the  Upper  Silurian  and  Bhcetic  beds,  by  the  best  known 
areas  of  those  periods  having  been  mainly  continental,  or  containing  principally 
freshwater  or  inland  sea  remains,  so  that  the  true  marine  fauna  was  aosent.  In 
Carboniferous  times,  possibly  the  true  relative  proportions  of  the  two  forms  had  been 
preserved  in  the  deposits. 

Mr.  Judd  was  doubtful  as  to  the  safety  of  placing  too  great  reliance  upon  figures. 
He  questioned  whether  some  of  the  conclusions  as  to  the  great  increase  of  Lamelli- 
branchiates  between  the  Carboniferous  and  Jurassic  peri(^  could  be  substantiated. 
Much  depended  on  the  amount  of  the  rocks  present  in  different  countries,  and  the  study 
bestowed  on  each.  The  conditions  also  for  the  preservation  of  the  fossils  might 
be  more  favourable  at  one  time  than  another. 

Mr.  Carruthers  considered  the  tables  as  of  the  greatest  value,  as  indicating  the 
present  state  of  our  knowledge.  He  called  attention  to  the  difference  of  conditions 
under  which  different  deposits  had  accumulated,  which  must  have  to  some  extent 
affected  the  proportion  of  Lamellibranchiates  preserved  in  the  different  formations. 

Mr.  Charlesworth  remarked  on  the  occurrence  of  Trigonia  in  the  Australian  seas, 
and  on  there  being  varieties  of  form  among  specimens  of  existing  species  so  great, 
that  if  they  were  found  fossil  they  might  be  regarded  as  of  several  species. 

Mr.  Hughes  considered  that  the  data  were  too  incomplete  to  justify  the  generaliza- 
tions of  some  of  the  previous  speakers.  It  had  been  pointed  out  that  whenever  the 
Tables  showed  a  very  large  number  of  Lamellibranchs  from  any  formation,  that 
formation  had  been  carefully  worked  out  by  local  observers ;  and  therefore  he  would 
like  to  know  in  each  case,  the  proportion  the  Lamellibranchiata  bore  to  the  total 
number  of  fossils  found.  It  had  been  shown  also  that  a  larger  proportion  of  Brachio- 
poda had  been  fouiid  in  th&  older  rocks,  and  of  LamelUbTaaclm.1^  m  V)qati<^'^^t.   ^^ 
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in  the  older  rocks  whole  genen  of  LameUibrtnchi  are  eonflned  to  lioriiOBi  nl 
localities  which  are  not  cut  off  by  stratiffraphieal  braaks,  meh  as  would  allow  m  M 
think  it  at  all  probable  that  thej  can  be  characterixed  by  peculiar  genen.  He 
thought  the  scarceness  and  irregular  occurrence  of  Lamellibraiichfl  in  the  older  rodb 
could  be  best  explained  on  the  supposition  that  those  portions  of  the  older  dspoali 
which  were  least  faTOurable  to  Lamellibranchs  happened  to  be  those  now  diidl; 
exDosed  to  our  search,  and  that  those  few  portions  are  only  in  part  worked  out 

Mr.  Jenkins  obseryed  that  in  thick  deposits  there  was  a  £ur  ^;reater  likelikood  of 
numerous  forms  being  present  than  in  thin,  for  thickness  meant  time^  and  time  mm^ 
▼ariation. 

Prof.  Morris  dissented  from  this  view,  as  in  thin  littoral  depoaita  an  enonw 
number  of  shells  might  be  present,  while  in  beds  formed  in  deep  aea  they  might  be 
almost  entirely  absent. 

2.  ''  Geological  Observations  on  British  Guiana.*'  By  Jamei  0. 
Sawkins,  Esq.,  F.G.8. 

In  this  paper  the  author  gave  a  general  account  of  his  ezplom* 
tions  of  tlie  Geology  of  British  Guiana  when  engaged  in  making  the 
Geological  Survey  of  that  colony.  He  described  the  rocks  met  vrith 
during  excursions  in  the  Pomeroon  district,  along  the  course  of  the 
Cuyuni  and  Mazuruni  rivers,  on  the  Demerara  river,  on  the  Essequibo 
and  its  tributaries,  on  the  Eupununi  river,  and  among  the  sonthen 
mountains.  The  rocks  exposed  consist  of  granites  and  metamoiphic 
rocks,  overlain  by  a  sandstone,  which  forms  high  mountains  in  the 
middle  part  of  the  colony,  and  is  regarded  by  the  author  as  probably 
identical,  or  nearly  identical,  with  the  sandstone  stretching  through 
Venezuela  and  Brazil,  and  observed  by  Mr.  Darwin  in  Patagonia. 

Discussion. — Prof.  Itamsay  remarked  upon  the  barrenness,  from  a  ecologicsl 
point  of  view,  of  the  district  investi^ted  oy  Mr.  Sawkins,  and  especially  (^od 
attention  to  the  absence  of  fossils  in  the  stratified  rocks.  He  referred  briefly  to  Mr. 
Sawkins's  labours  in  Trinidad  and  Jamaica,  and  to  his  discovery  of  raetamoiphosed 
Pliocene  rocks  in  the  latter  colony  exactly  analogous  to  the  mctamorpbic  £ooene 
rocks  of  the  Alps.  He  was  glad  to  see  that  the  autbor  bad  brought  forward  cxamplei 
of  cross-bedding  in  metamorphic  rocks,  and  considered  that  the  results  adduced  were 
favourable  to  those  views  of  the  mctamorpbic  origin  of  granite  whicb  he  bad  himself 
so  long  upheld. 

Mr.  I).  Forbes,  on  the  contrary,  considered  that  the  facts  broug[bt  forward  by  Mr. 
Sawkins  were  confirmatory  of  the  eruptive  nature  of  the  granites  observed.  Be 
added  that  cross-bedding  was  common  in  igneous  rocks  and  even  in  lavas. 

Mr.  Tat<?  remarked  that  in  the  country  to  the  north  of  the  district  described  in  the 

5n])cr  mctamorpbic  rocks  abound.  He  considered  that  the  scries  of  metamorphosed 
urassic  rocks  extends  across  the  whole  north  of  South  America,  and  perhaps  into 
Caliloniia.  Similar  sandstones  to  those  described  occur  in  the  basin  of  the  Orinoco, 
and  contain  fossils  which  show  thom  to  be  of  Miocene  age.  Mr.  Tate  did  not  consider 
these  sandstones  as  the  equivalent  of  the  Patagonian  sandstones,  as  from  the  shells 
contained  in  the  latter  they  would  appear  to  be  l*liocene  or  Pleistocene. 

Mr.  Suwkius,  in  reply  to  a  question  from  Mr.  Tate,  stated  that  the  only  gold  found 
in  the  country  had  probably  been  cjirried  down  from  the  well-known  Kold  district  of 
Upata.  He  also  entered  into  a  few  additional  details  connected  with  tno  chief  points 
in  his  paper,  dwelling  especially  upon  the  physical  features  of  the  country,  in 
illustration  of  which  several  landscape  drawings  were  exhibited. 

II. — June  7,  1871. — Joseph  Prestwich,  Esq.,  F.R.S.,  President, 
in  the  Chair.  Tlie  following  communications  were  read  : — 1.  "  On 
the  persistence  of  Caryophyllia  eyllndracea,  Reuss,  a  Cretaceous  Coral, 
in  the  Coral-fauna  of  the  Deep  Sea."  By  P.  Martin  Duncan,  M.B. 
Loud.,  F.R.S.,  F.G.S.,  Professor  of  Geology  in  King's  College, 
London.  • 
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The  author  first  referred  to  the  synonyms  and  geological  distribu- 
tion of  Caryaphyllia  eylindraceay  Eeuss,  which  has  hitherto  been 
regarded  as  peculiar  to  the  White  Chalk,  and  as  n'^ssarily  an  ex- 
tinct form,  inasmuch  as  it  belonged  to  a  group  possessing  only  four 
oycles  of  septa  in  six  systems,  one  of  the  systems  being  generally 
incomplete.  The  distribution  of  the  CaryophyllicB  of  this  group  in 
the  Gault  and  the  Upper  Chalk,  the  Miocene,  and  the  Pliocene,  was 
noticed,  and  also  that  of  the  species  with  the  incomplete, cycle.  The 
falldty  of  this  generalization  was  shown  to  be  proved  by  the  results 
of  deep-sea  dredging  ofif  the  Havannah,  under  Count  Pourtales,  and 
off  the  Iberian  peninsula  under  Dr.  Carpenter  and  Mr.  Gwyn  Jeffreys. 
The  foimer  dredged  up  CaryophyUia  formoaa  with  four  complete 
cycles,  and  the  latter  obtained,  from  depths  between  690  and  1090 
fathoms,  a  group  of  forms  with  four  complete  and  incomplete 
cycles.  This  group  had  a  Cretaceous  facies;  one  of  the  forms 
could  not  be  differentiated  from  CaryophyUia  cylindraeea,  Eeuss ; 
and  as  a  species  of  the  genus  Baihycyathue  was  found  at  the  same 
time,  ttiis  facies  was  rendered  more  stnking.  '  The  representation  of 
the  extinct  genera  Trochosmiliay  Para$m(liat  SymhtUoy  and  DtblaauSf 
by  the  recent  AmphiheUcBy  JParacyathu  and  CaryophyllicB  was 
noticed,  and  it  was  considered  that  as  the  Cretaceous  forms  throve 
under  the  same  external  conditions,  some  of  them  only  being  per- 
sistent, there  must  be  some  law  which  determines  the  life-duration 
of  species  like  that  which  restricts  the  years  of  the  individual.  It 
was  shown  that  d^ep-sea  conditions  must  have  prevailed  within  the 
limits  of  the  diffusion  of  the  ova  of  coral  polyps  somewhere  on  the 
Atlantic  area  ever  since  the  Cretaceous  period. 

Discussion. — Mr.  Gwyn  Jeffreys  remembered  that  at  the  spot  where  the  coral  in 

aaestion  was  dredged  ap  the  sea-bottom  was  extremely  uneven,  yarying  as  much  as 
fty  fiatboms  within  a  quarter  of  a  mile.  It  was  also  not  more  than  forty  miles  from 
land.  The  species  of  mollusca  dredged  up  were  extremely  remarkable,  and  many 
were  totally  different  from  what  he  had  previously  seen.  They  were,  however, 
livine  or  recent ;  none  of  them  were  Eocene  or  liiocene,  much  less  Cretaceous,  like 
Ter^atuia  eaput-terptntii.  He  quoted  from  Mr.  Davidson  other  instances  of  the 
persistence  of  forms,  especially  of  the  genus  Zingula  from  the  Silurian  formation. 
The  persistence  of  tbis  species  of  coral,  as  well  as  that  of  Foraminifera,  from  the 
Cretaceous  to  the  present  time,  was  therefore  not  unique,  and  other  cases  of  survival 
from  even  earlier  times  might  eventually  be  reoognixed. 

Dr.  Carpenter,  after  commenting  on  the  reductions  that  extended  knowledge 
enabled  naturidists  to  make  in  the  number  of  presumed  species,  could  not  accept  the 
mere  identification  of  species  as  of  the  highest  importance  in  connecting  the  Cretaceous 
fauna  with  that  of  our  own  day.  The  identity  of  genera  was,  in  his  opinion,  of  far 
more  importance.  He  instanced  Eehinothwiay  and  RhizocrinuB,  as  preserving  types 
identically  the  same  as  those  of  a  remote  period,  and  as  illustrating  the  continuity  of 
the  deep-sea  fauna  from  Cretaceous  times.  The  chemical  and  organic  constitution  of 
the  deep-sea  bottom  of  the  present  day  was  also  singularly  analogous  to  that  of  the 
Chalk  sea.  The  low  temperature  at  the  bottom  of  the  deep  sea,  even  in  equatorial 
regions,  was  now  becoming  universally  recognized,  and  this  temperature  must  have 
had  an  important  bearing  on  the  animal  life  at  the  sea-bottom. 

Prof.  Eamsay  thought  that  there  was  some  misapprehension  abroad  as  to  the  views 
held  by  geolog^ts  as  to  continuity  of  conditions.  They  had,  however,  alwajrs  in- 
sisted on  there  having  been  an  average  amount  of  sea  and  land  during^  all  time ;  and 
the  fact  of  sea  having  occupied  what  is  now  the  middle  of  the  Atlantic  since  Creta- 
eeous  time  would  create  no  surprise  among  them.  If,  however,  the  bed  of  t\v& 
Atlantic  were  raued,  though  prooably  many  CretaceoxA  ^^nei^  v^^  «^^i^  ^^^^^ 
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ini{;;ht  be  foood,  there  would  on  the  whole  b«  a  Twy  mricfld  difleKBce  between  tiuH 
Atlantic  beds  and  those  of  the  Chalk. 

Mr.  Scc'lcy  had  alreadr,  in  1862,  iint  forward  viewe  which  bad  now  been  follj 
borne  out  by  recent  investigation.  His  oonrietion  was  tlia^  from  the  genera  hamf 
perhi«tcd  for  so  long  a  time,  the  genera  foond  in  anj  formation  affocdad  no  aafe  gnidi 
as  to  its  i^e,  unless  there  were  eridence  of  their  haTing  ainee  thoae  fmxmfmi 
become  extinct. 

Mr.  Etheridge  maintained  that  the  species  in  different  fbrmationa  weie  aofBdently 
distinct,  though  the  genera  might  be  the  same.  Becent  dredgingt  bad  not  bronsht 
to  light  auT  of  the  characteristic  rooUnscan  forms  of  the  CSetaeeons  time;  ana  it 
woul(l  be  of  great  importance  to  compare  the  results  of  fatore  operationB  with  the  old 
Cretaceous  deep-sea  fauna. 

Prof.  Rupert  Jones,  with  reference  to  the  supposed  sudden  extinction  of  ehambcnd 
Ccphalopods,  remarked  that  Cretaceons  forms  had  already  beoi  diseoTered  in  Tertisry 
beds  in  North  America,  and  also  that  cold  currents  coiud  not  hare  dertrojed  theai, 
seeing  that  icebergs  came  down  to  the  latitude  of  Croydon  in  the  Cbalk  sea. 

2.  ''Note  on  an  Ichthyosaurua  (J.  entheJciodan)  from  ELimmeridge 
Bay,  Dorset."    By  J.  W.  Hulke,  Esq.,  FJLS.,  F.G.S. 

In  this  paper  the  author  described  the  skeleton  of  an  lehthjfosaunu 
from  Kimmeridge  Bay,  agreeing  in  the  characters  of  the  teeth  with 
the  form  for  which  he  formerly  proposed  the  establishment^f  the 
genus  EntheJeiodon.  The  specimen  includes  the  skull,  a  large  portion 
of  the  vertebral  column,  numerous  ribs,  the  bones  of  the  bieast- 
girdle,  and  some  limb-bones.  The  first  forty-five  vertebral  centra 
have  a  double  costal  tubercle.  The  coracoids  have  an  unusual  form, 
being  more  elongated  in  the  axial  than  in  the  transverse  direction, 
and  this  elongation  is  chiefly  in  advance  of  the  glenoid  cavity.  The 
articular  end  of  the  scapula  is  very  broad.  The  paddles  are  exces- 
sively  reduced  in  size,  the  anterior  being  larger  than  the  posterior, 
as  evidenced  by  the  comparative  size  of  the  proximal  bones.  The 
species,  whicli  the  author  proposed  to  name  J.  enthekiodonf  most 
nearly  resembles  the  Liassic  J.  longirostris  and  J.  tenuirosfris.  The 
length  of  the  preserved  portion  of  the  skeleton  is  about  10  feet ;  the 
femur  measures  only  2  inches,  and  the  humerus  2*7  inches. 

3.  **  Note  on  a  Fragment  of  a  Teleosaurian  Snout  from  Eimmeridge 
Bay,  Dorset."     By  J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  described  a  fragment  of  the  snout  of  a 
Teleosaurian  obtained  by  J.  C.  Mansel,  Esq.,  F.Q.S.,  from  Kim- 
meridgo  Ba}^  and  which  is  believed  to  furnish  the  first  indication  of 
the  occiu-rence  of  Teleosaurians  at  Kimmeridge.  The  specimen  con- 
sists of  al)out  17  inches  of  a  long  and  slender  snout,  tapering  slightly 
towards  the  apex,  where  the  prsBmaxillsB  expand  suddenly  and 
widely.  The  nostril  is  terminal  and  directed  obliquely  forwards; 
the  praemaxillae  ascend  2-5  inches  above  the  nostril,  and  terminate  in 
an  acute  point;  and  each  prajmaxilla  contains  five  alveoli.  The 
lateral  margins  of  the  snout  are  slightly  crenated  by  the  alveoli  of 
the  teeth,  of  which  the  three  front  ones  are  smaller  than  the  rest ; 
most  of  the  teeth  have  fallen  out,  but  a  few  are  broken  oflf,  leaving 

the  base  in  the  sockets. 

Discussion. — Mr.  Seeloy  thought  it  likely  that  Mr.  Hulke  would  eyentually  be 
lc(l  to  re-c6tahlish  his  genus  Enthekiodon.  He  remarked  ou  the  peculiar  characten 
presented  by  the  specimen,  and  referred  especially  to  the  coracoids,  which  were  unlike 
those  of  Ichthyosanrtia^  but  presented  a  close  resemblance  to  those  of  FUtiMaurm. 
He  considered  that  there  were  indications  of  its  having  been  connected  with  a  car- 
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tflaginons  sternum.  The  scapula  furnished  an  important  character  in  its  widening, 
which  formed  a  distinct  acromion  process.  Mr.  Seeley  remarked  that  douhle-head^ 
ribs  occur  only  in  animals  with  a  four-chambered  heart ;  and  that,  considering  this 
and  other  characters,  there  was  no  reason  for  placing  lehthyoMurtu  lower  than  amonf 
tiie  highest  Saurians.  He  considered  that  the  Teleosaurian  snout  differed  from  aU 
known  types. 

Dr.  Iduiodonald  belicTed  that  what  is  called  the  ooracoid  has  nothing  to  do  with  the 
shoulder-g^le,  and  thought  it  might  be  a  part  of  the  palate. 

Mr.  Mansel  stated,  in  answer  to  the  President,  that  the  fossils  were  obtained  from 
about  the  middle  of  the  Kimmeridge  Clay. 

Mr.  £theridge  suggested  that  it  would  be  desirable  to  ascertain  whether  the 
horizon  of  the  Ichthyosaurus  described  was  the  same  as  that  of  the  specimens 
from  Ely. 

Mr.  uwyn  Jeffreys  inquired  as  to  the  food  and  habits  of  the  Ichthyosaurus. 

Mr.  Hulke,  in  reply,  stated  that,  from  the  presence  of  a  stain  and  of  numerous 
small  scales  under  the  ribs,  the  food  of  the  Ichthyosaurus  probably  consisted  of  Souids 
and  small  fishes.  He  showed  that  the  so-called  coracoid  was  clearly  a  part  of  the 
shoulder-girdle. 
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THE  GEOLOGICAL  8UEVEY  OF  VICTORIA. 

Snt, — ^You  have  been  good  enough  to  draw  attention  to  my  paper 
on  the  present  condition  of  the  Geological  Survey  of  Victoria,  and 
although  I  might  well  let  pass,  without  comment,  the  just  and  fair 
acooimt  which  you  have  given  of  it,  I  think  it  right  to  oflfer  one  or 
two  observations  on  the  subject,  which  you  may  publish  if  you  think 
fit.  Whilst  Mr.  Selwyn  was  Director-Geneiil  of  the  Geological 
Survey  of  Victoria,  I  stated,  when  giving  my  evidence  before  a  Royal 
Commission,  in  what  manner  I  differed  from  him  as  to  the  mode  in 
which  a  Geological  Survey  should  be  conducted  in  a  new  and 
p€ui;ially  explored  coimtry,  but  I  always  recognized  his  abilities  as  a 
Geological  Surveyor,  and  I  never  hesitated  to  express  publicly  my 
opinion  of  his  services.  My  scheme  for  the  continuation  of  the 
Survey  was  offered  in  the  hope  that  it  would  be  accepted  if  nothing 
better  presented  itself.  That  there  should  be  one  geologist  in  the 
field  who  would  continue  the  survey  after  what  I  conceive  to  be  a 
better  method  than  that  of  Mr.  Selwyn,  appeared  to  me  preferable 
to  its  being  abandoned  as  a  national  work. 

In  naming  the  sum  of  £1.500  per  annum  as  the  probable  cost  of 
the  Survey,  I  should  have  stated,  for  the  information  of  those  not 
acquainted  with  the  economy  of  the  government  departments  of  this 
CJolony,  that  it  was  not  intended  to  include  in  it  the  cost  of  drawing 
maps  and  sections,  the  preparation  of  coloured  lithographed  maps,  or 
the  printing  of  reports.  These  costs  I  intended  should  be  borne  by 
the  Mining  Department  and  the  Department  of  the  Government 
Printer,  where  skilful  lithographers  and  engravers  and  printers  are 
employed.  Some  small  costs  for  preparing  tracings  and  plans  for 
the  officer  in  the  field  would  necessarily  be  chargeable  to  the  sum 
I  set  down.  It  was  not  proposed  to  pay  the  officer  in  the  field  a 
smaller  salary  than  was  paid  to  the  chief  officers  who  acted  as  field 
geologists  under  Mr.  Selwyn,  and  there  is  an  analyst  attached  to  the 
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Department  of  Mines  who  would  examine  the  minerahi  and  ores 
collected  by  the  field  geologist  without  much  extra  expense. 

With  reference  to  your  suggestion — that  we  should  rather  woik 
steaiUly  on  than  map  out  in  detail  more  or  less  isolated  areas — I  may 
remind  you  that  in  our  Colony  there  is  a  wide  band  of  Palcozoio 
rocks  stretching  from  west  to  east ;  that  both  on  the  north  and  on 
the  south  that  band  is  bordered  by  Tertiaries ;  and  that  the  wide 
expanse  of  basaltic  and  volcanic  rocks,  which  lies  between  the  river 
Plenty  and  the  river  Glenelg,  is  scarcely  in  any  part  broken  by  the 
protrusion  of  any  large  masses  of  granite  or  sedimentary  rocks 
except  on  the  mai^gins,  and  that  a  broad  line  carried  across  any  one 
formation  would  serve  for  a  connexion,  as  well  as  if  the  boundaries 
of  that  formation  were  carefully  laid  down. 

In  other  words,  I  conceive  it  is  not  necessary  to  delineate  exactly 
and  completely  the  boundaries  of  a  large  mass  of  g^ranite  which  may 
lie  between  two  gold-fields  in  order  to  connect  these  fields.  I  would 
survey  a  sufficient  extent  of  the  boundary,  and  I  would  leave  the  rest 
for  future  explorations. 

Undoubtedly  the  plan  advocated  by  you  is  preferable,  and  I  would 
gladly  adopt  it  if  there  were  a  large  staff  to  make  it  practicable,  and 
if  the  delays  which  it  would  necessitate  would  not  prejudice  the 
interests  of  the  minors.  But  when  it  is  considered  that  at  this 
moment  the  prosperity  of  one  great  gold-field,  Ballarat,  is  checked, 
and  the  enterprize  of  the  miners  paralyzed  by  the  want  of  knowledge 
of  the  connexion  and  course  of  the  deep  auriferous  leads ;  that  a 
wide  area  in  the  vicinity  of  our  richest  reefing  district-,  Sandhurst, 
cannot  bo  prospected  by  the  miner  with  any  hope  of  advantage, 
because  he  has  no  map  to  guide  him ;  and  that  in  North  Gipps  Land 
there  are  two  hundred  square  miles  of  country  covered  by  basalts 
and  lavas  with  intercalated  beds  of  auriferous  gravel,  respecting 
which  little  or  nothing  is  known ;  I  may  be  pardoned  for  recommend- 
ing a  method  of  survey  which,  as  regards  the  results,  shall  be  of  an 
immediate  benefit  to  the  miner. 

My  scheme  embraces  also  the  regular  publication  of  drawings  and 
descriptions  of  the  fossil  flora  and  fauna  of  the  Colony.  The  first 
plate  and  description,  which  I  send  herewith,  prepared  by  Dr.  von 
Mueller,  C.M.G.,  our  Government  Botanist,  will  satisfy  you  that 
much  credit  will  redound  to  the  Colony  if  the  work  be  continued  as 
it  has  been  begun. 

Though  the  Geological  Survey  was  continued  under  Mr.  Selwyn's 
direction  for  about  fourteen  years,  I  think  you  will  find,  if  you 
examine  his  reports,  that  there  has  not  been  published  in  this  Colony 
one  plate  or  description  illustrative  of  the  fossil  fauna  of  our  Silurian 
rocks,  ricli  as  they  are  in  organic  remains  and  with  many  forms 
quite  new  to  science. 

The  assistance  which  I  stated  would  be  given  by  gentlemen  in  the 
count ly  had  reference  to  such  observations  as  would  bo  made  by 
Mr.  Thomas  Couchman,  the  Chief  Mining  Surveyor  of  the  Colony ; 
Mr.  A.  W.  Howitt,  the  Explorer ;  Mr.  John  Lynch,  Mining  Surveyor 
at  Smythesdale;  and  Mr.  Heginald   Murray,  Mining  Surveyor  at 
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Sandhurst ;  gentlemen  who  have  proved  that  they  are  qualified  to 
give  accurate  descriptions  of  the  topography  and  geology  of  the 
ooontiy. 

B.  Bbouqh  Smtth. 
ICblbousni,  ISth  Mtt^,  1871. 


CONCEETIONABY  STRUCTURE  IN  PLASTER. 

Sib, — ^The  concretionary  structure  in  plaster  noticed  by  your 
correspondent  Benwyan  has  been  frequently  noticed  by  me,  as  it 
must  have  been  by  many.  I  do  not  think  that  the  explanation  given 
by  him,  that  it  results  from  segregation  or  crystallization,  can  be  the 
true  one  ;  for  if  that  were  so,  the  nuclei  of  the  concretions  should  be 
inside  the  plaster ;  whereas  I  think .  they  will  be  observed  to  be 
external.  The  concretions  resemble  saucers  nested,  rather  than 
spherical  shells  nested.  I  have  been  used  to  attribute  the  appearance 
to  the  habit  that  plasterers  have  of  casting  the  mortar  on  with  a 
dash,  so  that  it  spreads  from  a  central  spot  in  concentric  waves 
around.  Thus  the  particles  of  the  mortar  are  arranged  in  shallow 
saucer-shaped  layers.  And  possibly,  owing  to  some  mechanical  law 
in  the  distribution  of  the  pressure  from  the  central  n>ot  towards  the 
periphery  of  the  lump  thrown  on,  the  density  of  the  mortar  may 
alternately  be  greater  and  less  in  successive  layers ;  and  it  is  even 
possible  that  an  arrangement  of  the  particles  analogous  to  cleavage 
may  be  produced.  Hie  subsequent  passage  of  the  smoothing  tool 
over  the  whole  obliterates  the  structure  superficially,  but  time 
reveals  it  again  by  the  process  of  weathering. 

0.   FiSHEB. 


DENUDATION  OP  THE  SHROPSHIRE  COAL-FIELD. 

We  are  favoured  by  Mr.  John  Bandall,  F.G.S.,  of  Madeley,  Salop, 
with  a  lengthened  criticism  upon  a  paper  by  Mr.  Daniel  Jones, 
F.G.S.,  "  On  the  Denudation  of  the  Coalbrook-dale  Coal-field,"  pub- 
lished at  p.  200  of  our  May  number.^  Mr.  Randall  states  that  the 
conclusions  arrived  at  by  Mr.  Jones  are  identical  with  those  of  Mr. 
Scott,  Sir  B.  Murchison,  and  himself  as  unmistakably  shown  by 
the  sections  published  by  Mr.  Scott  (Quart  Joum.  GeoL  Soa,  1861, 
ToL  17,  p.  457),  and  that  Mr.  Purton  has  since  figured  the  same 
thing  (see  Gkologioal  Magazine,  1865,  Vol.  XL,  p.  515). 

Mr.  Bandall  always  held  the  opinion  '*  that  denudation  took  place 
prior  to  the  general  elevation  of  the  Coal-field  and  the  great  faults 
by  which  it  is  intersected."  The  quotation  from  Mr.  BandalFs 
l^ter  to  the  Mining  Journal,  given  by  Mr.  Jones,  refers  to  ''one 
particular  case  on  the  eastern  boundary  of  the  Shropshire  Coal-field, 
showing  evidence  of  denudation  and  disturbance  combined." 

"  The  case  refers  exclusively  to  the  Coals  in  the  Halesfield  and 
Eemberton  pits,  and  not  to  the  general  question." 

1  Its  earlier  appearance  has  been  decayed  from  viaai  of  space,  and,  indeed,  we 
casnot  now  gire  Mr.  Randall's  criticism  in  full. 
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Mr.  Randall  equally  objects  to  die  section  given  by  Mr.  Jonfli 
(Fig.  1,  p.  2C*6»,  purporting  to  illustrate  his  views.  Mr.  BandiU 
sayt :  In  this  section  *-  Mr.  Jones  leaves  out  altogether  the  Upper 
Coal-measures  of  which  I  had  been  speaking  all  along,  but  intro- 
duces them  in  another  (Fig.  2,  p.  206),  which  he  sajs  represents  his 
own  views." 

Between  the  two  paragraphs  quoted  by  Mr.  Jones  from  the 
Mining  /ounki/.  Mr.  Randall  says,  '*  The  following  sentence  has  been 
omitted,  which  throws  altogether  a  different  light  on  the  subject  :— 
'  At  several  places  they,  that  is  the  Permians,  may  be  seen  over- 
lying the  yotmger  members  of  the  Coal-measuies  south  of  the  Old 
Coal  Field,  also  the  latter  group  where  the  younger  are  denuded.' " 
— Edit.  Geol.  Mag. 

THE  SUBMEBGENCE  OF  IS. 

Sir, — Tliere  is  a  curious  work  on  the  subject  of  Mr.  Lebonr's 
interesting  paper,^  which,  if  it  be  unknown  to  him,  he,  with  others, 
may  be  glad  to  read.  It  contains  a  number  of  statements  with 
reference  to  the  subsidence  of  Brittany,  some  of  which  are  so  startling 
tliat  one  views  them  with  a  little  suspicion.  Perhaps  the  unwork- 
manlike style  of  making  references,  too  common  in  French  books, 
increases  this  feeling.  The  author  maintains  that  in  the  thirteenth 
centiuT}'  Jersey  was  yet  united,  or  almost  united,  to  France.  The 
book  is  "  Les  Mouvements  de  la  Mer,'*  by  M.  Quenault  (Coutances, 
18G9.  pp.  CSV  My  attention  was  called  to  it  by  a  review  from  the 
pen  of  Mr.  ^^^litaker  in  "  Nature,"  vol.  i.,  p.  381. 

T.  G.  Bonnet. 

St.  John's  College,  Cambridge. 
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Chair  of  Geology,  Collkge  of  Physical  Soienoe,  Newcastle.— 
The  Executive  Committee  of  tliis  new  and  promising  institution  have 
just  completed  the  list  of  Professors,  and  we  learn  that  Dr.  David 
Page,  alumnus  and  hon.  LL.D.  of  the  University  of  St.  Andrew'^ 
F.K.S.  Edinburgh.  F.G.S,  etc.,  has  been  selected  to  fill  the  Chair  of 
Geology.  Dr.  Page  is  well  known  as  the  author  of  numerous 
Geological  Text-books,  which  have  a  very  wide  circulation;  he  has 
also  published  a  verj'  useful  Glossary  of  Geological  Terms.  The 
subscriptions  announced  on  behalf  of  the  College  now  amount  to 
£23,700. 


EBRATirM. — Geol.  Mag.  for  July,  p.  333,  in  Mr.  Marshall  HalPs 
letter  on  "  Terraces  in  Norway,"  for  "  Moik  Pors,"  read  "  Mork 

POSB." 

^  Published  in  the  Geol.  Mag.  for  July. 
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L — On  thb  Disooyxrt  of  a  mew  akd  yxbt  pbbfeot  Abaohnids 

FBOM  THB  IbONSTONK  OF  THB  DUDLIT  COAL-FIELD.^ 

By  Hbvrt  Woodward,  F.G.8.,  FJZ.S., 
of  the-  British  MuBeaiiL 

(PLATB  XL) 

TEGB  **  Pennysione  Ironstone"  Nodnles  ot  the  Coalbrook-dale  Coal- 
field have  long  been  celebrated  for  their  fossil  contents  yielding, 
when  split  open,  impressions  of  Fern-leaves,  fruits  of  Lepidodendron, 
King-crabs,  and  the  more  rare  remains  of  Insects. 

Nor  have  the  similar  concretions  of  the  Dudley,  Manchester,  and 
Glasgow  Coal-fields  proved  less  productive;  whilst  the  recent  in- 
vestigations of  Messrs.  Meek  and  Worthen  in  the  Coal-measures  of 
Grundy  Co.,  Illinois,  U.S.,  have  brought  to  light  an  even  larger  series 
of  new  and  interesting  forms. 

A  short  time  since  I  was  favoured  by  receiving  from  E.  Hollier, 
Esq.,  of  Dudley,  a  series  of  these  nodules  containing  examples  of 
BelUnurus  trilohitoides,  and  one  specimen,  which  proved  upon  examina- 
tion to  be  a  most  beautiful  and  perfect  insect  inclosed  in  the  centre 
of  a  nodule  of  day  Ironstone,  which,  happily,  had  split  at  exactly 
the  right  spot,  and,  what  is  not  a  little  singular,  has  exposed  two 
entire  views — one  of  the  upper  or  dorsal  surface  (Plate  XI.  Fig.  1), 
the  other  of  the  under  and  ventral  aspect  (Plate  XI.  Fig.  2)-- of  the 
very  same  insect,  each  view  being  as  nearly  perfect  as  it  is  pcyssible 
to  conceive. 

Turning  to  "  Buckland's  Bridgewater  Treatise,"  I  at  once  identified 
Mr.  Hollier*8  beautiful  specimen  with  an  insect  figured  on  pi.  46", 
£g,  2,  from  the  Pennystone  Ironstone  of  Coalbrook-dale.  Dr.  Buck- 
land  makes  the  following  remarks  upon  (fig.  2),  and  upon  another 
specimen  (fig.  I),  with  which  latter,  however,  the  fossil  under  con- 
sideration has  nothing  to  do. 

"  Figs.  1  and  2  belong  to  the  family  CurculianidcB,  of  which  the 
Diamond-beetle  is  a  familiar  example.  They  were  discovered  by 
Mr.  Wm.  Anstice  in  nodules  of  Ironstone  from  the  Coal-formation 
of  Coalbrook-dale. 

1  Commnnicated  to  the  Brituh  Association  (Section  C),  Edinburgh,  August  8th,  1871. 
VOL.  vni.—  Ko.  Lxxxvn.  *l^ 
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"Fig.  2.  (writes  Dr.  Bnokland)  Mr.  Samonelle  oonmdeis  thii 
extinct  fossil  species  to  approach  most  nearly  to  the  Bra4ikfeiKU 
apterua  of  Africa." 

Dr.  Buckland  then  proceeds  (vol.  ii.,  p.  76),  to  giTO  a  nunnto 
description  of  the  fossil,  which,  from  its  imperfectly  preserved  stale, 
had  been  mistaken  for  a  Curculio,  and  conflades  hy  naming  it 
Curculioides  Prestvtciit  in  honour  of  Joseph  Prestwich,  Esq.,  F.B&, 
the  Geological  historian  of  the  Ooalbrook-dale  Goal-field  (see  Tnni. 
Geol.  Soc,  1840,  second  series,  vol.  v.,  p.  413),  and  the  present 
President  of  the  Geological  Society  of  London. 

An  examination  of  the  very  perfect  specimen  found  by  Mr.  Hollier 
shows  it  to  be  an  Araehnide,  and  not  a  Coleopterous  insect  at  all ;  the 
dorsal  sui-faoe  (only  a  fragment  of  which  is  seen  in  Mr.  Anstioe*! 
specimen),  being  quite  perfect  in  Mr.  HoUier's  example,  shows  at  onoe 
that  it  is  not  furnished  with  elytra,  as  supposed  by  Mr.  SamoueDe, 
whilst  the  insect,  as  a  whole,  is  divided  into  cephalothorax  and 
abdomen,  as  in  spiders,  instead  of  into  three  parts,  head,  thoiax, 
and  abdomen,  as  in  beetles.  Four  pairs  of  ambulatory  legs  and  a 
pair  of  palpi  are  preserved.  The  dorsal  surface  of  the  abdomen  is 
ornamented  with  numerous  smooth  rounded  tubercles,  the  laigest 
of  which  are  arranged  in  five  principal  lines,  the  median  one 
forming  pentagonal  groups  of  tubercular  ornaments  down  the  centre 
of  the  body. 

There  is  evidence  of  nine  somites  on  the  dorsal,  but  only 
seven  are  visible  on  the  ventral  aspect,  the  others  being  pro- 
bably concealed  beneath  the  broad  basal  joints  of  the  posterior  pair 
of  limbs.  The  ventral  surface  is  destitute  of  ornamentation,  but  is 
marked  by  about  six  pairs  of  stomata  or  tracheaB  placed  in  a  linear 
series  down  each  side. 

Tlie  dorsal  surface  of  the  cephalothorax  is  very  tumid,  and  its 
centre  is  marked  posteriorly  by  two,  and  centrally  by  three  raised 
lobes  covered  with  minute  tubercles ;  the  front  of  the  head  is  some- 
what prolonged,  so  as  to  form  a  rostrum.  The  lateral  border  is 
deeply  indented,  forming  three  rounded  lobes  on  each  side,  which 
are  finely  granulated  on  their  surface.  The  legs  are  also  seen  to  be 
minutely  sciibrous  on  their  upper  surface. 

The  posterior  border  of  the  abdomen  bears  four  short  stout  spines, 
two  on  either  side  the  ultimate  segment,  which  bears  on  its  ventral 
aspect  the  efferent  orifice. 

The  cephalothorax  on  its  ventral  aspect  is  much  indented,  and 
exhibits  the  ver}'  broad  basal  joints  of  the  last  pair  of  appendages, 
and  the  wedge-shaped  basal  joints  of  the  three  anterior  pairs  of 
ambulatory  limbs. 

The  jialpi  appear  to  be  long,  slender,  and,  so  far  as  we  can  judge, 
not  chelate,  as  in  Thelyphonns,  although  their  extremities  may  have 
been  furnished  with  spines,  as  in  the  genus  Flirynus,  with  which 
latter  it  ap])ears  to  be  more  nearly  comparable.  I  have  not  been 
a].»lo  to  detect  the  ocelli. 

I   propose   to   name   this   new  and  interesting  type  of   "false- 
ions''  Eophrynua  Frestvicii,  the  genus  Cktrctdundea  being  re- 
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tained  for  C,  Anstidi,  wbioh  there  is  good  reason  to  believe  may 
belong  to  the  Bhynehophora,  although  I  have  not  as  yet  obtained  a 
sight  of  the  original  specimen  figured  by  Dr.  Buckland. 

The  subjoined  is  a  list,  so  far  as  I  have  been  able  to  gather  them, 
of  the  PalsBOzoic  insects  : 

Ajiachmida. — I.  Scorpumida, 

1.  Mierolabis  Stembetyi,  Corda,  Coal  M.  Bohemia. 

2.  Cydophthalmua  UHtor,  Corda,        do.        do. 

3.  Maxonia  Woodiana,  M.  &  W.  CoalM.  Illinois.. 

4.  £oteorpiui  earbonarius,  M.  &  W.    do.        do. 

II.  FaUi'ScorpUmt, 

5.  ArehHarbm  rotandahUf  Scndder  Coal  M.  lUinoia. 

6.  £ophrynu9  JPrtttvicii,  gen.  noT.,  Coal  M.  Coalbrook-dale  and  Dudley. 

III.  Aratmda, 

7.  Aranea,  8p.  Coal  M.  Bohemia. 

8.  Frotolycota  anthraeophHoj  Boomer,  Coal  M.  Sileoa. 
Mtbiapoda. 

0.  Xyht^ut  nffiUaria,  Dawson,  Coal  M.  Glaseow,  Hnddersfield,  and  Nova  Scotia. 

10.  EuphoUria  armiperat  M.  &  W.  Coal  M.  lUinois,  U.S.,  and  Not»  Scotia. 

11.  „  Browniif  H.  W.  do.      Glasgow. 

12.  „  tiuifory  M.  &  W.  do.      Illinois,  U.S. 

13.  „  anihraXf  Salt,  sp;  (?)  do.      Coalbrook-dale. 

COLBOFTSIU. 

14.  OureulmdeM  Anstieii,  Buckl.,  Coal  M.  Coalbrook-dale. 

15.  Searabaut,  sp.  do.       Saarbrook  (a  fossil  fimit!  Boemer). 

16.  ThmUi  Oermari,  F.  Gold.  do.           do. 
Orthopteba. 

{BlaititUt)   17.  Blatima  prinu^Oy  F.  Gold.  Coal  M.  Saarbmck. 
„  18.        „      Lebaehentii    „  do.  do. 

19.  „      ffraeilis  „  do.  do. 

20.  „      anaglyptica^  Germar.  do.  Westphalia. 

21.  „      anthraeophila    „        do.  do. 

22.  „      didyma  „        do.  do. 

23.  „     JIaMlaia  „        db.  do. 
(Zoatsiida)2i,  Giyllaen»Uihanihraea,F,QolLdo,  Saarbnick. 
lTermiiidtB)26.  Terme*  Hurii^                „        do.  do. 

„  26.      „     formotus  „        do.  do. 

„  27.      „      Decheni  „        do.  do. 

„  28.      „      ajbiis  „        do.  do. 

„  29.  Aeriditet    sp.    Germar.        do.  Westphalia. 

Lepiooptera? 

30.  Tinea    sp.    Fabr.  Coal  M. 

NFUBOFrVRA. 

31.  Dieiycneura  anthraeophila^  F.  Gold.  Coal  M.  Saarbmck* 

32.  „  Humboldtianay       do.         do.  do. 

33.  „  libeliuloideey  do.         do.  do. 

34.  Miamia  Broneoniy  Dana.  do.  M.  Gnmdy  Co.  Illinois. 

35.  „      Dana^  Scudder        do.         do.  do. 

36.  „      Chrestotea  lapidea,      „  do.  do.  do. 

37.  Mantis  f  „  do.  do^  do. 

38.  Mylaerie  anthraeophila  „  do.  do.  do.^ 

39.  Megathentomum  pusiulatum  „  do.  do.  do. 

40.  Euphemeritea  simplex  „  do.  do.  do. 

41.  „  ffiffas  ff  do.  do.  do. 

42.  „  uffinie  „  do.  do.  do. 

43.  Haplophhhium  Bamesii         „  do.  Cape  Breton. 

44.  Corydalis  Brongniarti,  Man  tell  do.  Coalbrook-dale. 
Dbtonian. 

1.  B/atephemera  antiqtta     Scudder    Devonian    New  Brunswick. 

2.  Homothetu*  fosailia  „  do.  do. 

3.  Lithentomum  Ifarttii         „  do.  do. 


»y 
»» 
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»   VLjumni  mtipi»rtim  Soudder    Deronun    New  Bnmnriek. 
X  .•».»r*««*'^  mmphtr         „  do.  do. 

1  :^r^tii  ffhutut  H  do.  do. 

*    A'viumJmnt  tMuiieua      ,,  do.  do. 

>^«ywM  Bmehimgiu  Dohm,  Permian,  Birkenfeld. 

Anchnida    8 

Mniapoda 5 

ColMptera S 

Orthoptera 18 

pf  Lepidoptrra 1 

Neuroptora 14 


44  Coal- 
7  DeroniaiL 
1  PemiiaiL 

r^oal  Number  of  Palasoioie  Imecta  ...        62 

EXPLANATION   OF    PLATE  XL 

K*^  i*    vK  "^*  °^  I  ^"P^^y^^  {Onrndioidsi)  Trutvieii,  BuckL,  ap.,  miupL 

From  the  Ironitono  of  the  Coal-measures,  Dudley.    Length  of  ipriripn 
M  lint*,  groatott  breadth  of  abdomen  8  lines. 
IVavn  from  the  origiuol  specimen  in  the  Cabinet  of  £.  Hollier,  £sq^  Bidkf.) 

\\ .  On  '*  Wants  "  in  Ironstone  Seams  ^  and  tbsib  CoMracxioi 

WITH  Faults. 

By  Robert  L.  Jack,  F.G.8., 
of  the  Qeological  Survey  of  Scotland. 

Oy  ull  llu»  "  tix)iil>lo8"  tlijit  afflict  the  Ironstone  miner,  few  are  more 
l>t»r|)K'xinp:  than  those  known  as  "  wants."  It  sometimes 
>..»mu'iis  that  in  tlio  course  of  the  workinpj  a  "face"  is  l>eing  carried 
ivnxvanl  into  the  ironstone  seam,  when  the  miner  finds  that  he  has 
f^kon  out  what  is  apparently  the  last  piece  of  "  stone,"  and  looks 
y^\\\\  nst(»nislnnent  at  '*  the  hlaise  where  the  stone  should  be." 

'Vhv  ironstone  seam  has  not  thinned  out,  for  it  is  found  that  it 
^vntinues  of  its  normal  thickness  up  to  the  face,  where  it  abruptly 
^uils.  'I'liore  is  no  fault  or  step,  for  the  miner,  carrying  on  his 
^■orkinp;,  linds  that  in  a  dozen  feet  or  so  the  ironstone  "  takes  on 
^ain"  as  abruptly  as  it  ended  off,  and  may  observe  that  he  has  had 
^\iio  and  the  same  shale  bed  all  the  way  for  his  floor.  The  roof  has 
*iniply  settled  down  upon  the  floor,  and  the  ironstone  which  should 
lirtvo  come  between  them  is  not.  Such  wants  are  generally  found 
to  takt>  the  shai>e  of  long  stripes,  inclosed  by  lines  neai'ly  parallel,  and 
l^btMit  as  straight  as  lines  of  fault  usually  are. 

The  tiisk  before  ufH  is  to  exjdain  why  there  should  be  long  gaps  in 
ilnita  which  without  doubt  were  laid  down  continuously.  The 
obvious  commei-cial  importance  of  such  wants,  and  the  peqdexity 
vliich  seems  to  prevail  regarding  their  geological  origin,  lead  me  to 
offer  the  following  observations. 

As  a  matter  of  fact,  wants  have  hitherto  been  observed  for  tlie  most 
part  (and  i>erhap8  exclusively)  in  districts  where  the  strata  are  much 

1  OnlTelav-band  and  black-band  Ironstones  interstratificd  with  Carboniferous  rocks 
rred  to. 
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disturbed  by  faults.  If  it  csan  be  shown  that  &ults  must  necessarily 
produce  wants  in  certain  strata,  the  solution,  or  at  least  a  solution,  of 
our  problem  will  have  been  obtained, 

To  demonstrate  the  connexion  between  wants  and  faults,  it  is 
necessary  to  premise  some  facts  regarding  the  latter. 

A  single  fault,  disturbing  hitherto  unbroken  strata,  must  begin  in 
two  zero  points,  one  at  each  end  of  the  Une.  The  cUslocation  must 
reach  its  maximum  somewhere  between  the  two  zero  points. 

Let  us  suppose  (as  is,  indeed,  generally  the  case)  that  only  the 
strata  on  the  downthrow  side  of  the  fault  have  been  displaced ;  the 
edge  of  any  particular  bed  which  has  been  a£fected  by  the  movement 
will,  on  the  side  of  downthrow,  ''bag"  or  lie  along  a  curved  line; 
and,  on  the  other  side,  along  a  straight  line.  The  curved  line  will 
represent  a  portion  of  the  bed  originally  of  the  length  of  the  straight 
line  between  the  two  zero  points,  but  now  stretched  out  to  a  greater 
length.  For  example :  a  fault  whose  two  zero  points  are  one  mile 
(1760  yards)  apart,  has  a  maximum  downthrow  midway  between 
those  points  of  220  yards.^  In  this  case,  strata  measuring  1760  yards 
along  the  so-called  "upthrow  side"  of  the  line  of  fault  must  be 
stretched  out  to  not  less  than  1833  yards,  or  broken. 

Few  rock  masses  after  consolidation  are,  strictly  speaking,  elastic, 
at  least  to  such  an  extent  that  they  can  be  stretched  73  yards  in  a 
mile.  The  source  of  the  capability  of  being  stretched,'  possessed  by 
a  set  of  various  stratified  beds,  as  a  whole,  has  to  be  sought  for  in  the 
unequal  widening  (by  separation  of  the  solid  parts,  not  by  waste), 
of  the  vertical  joints  with  which  strata  of  different  composition  are 
endowed.  Any  one  who  has  examined  the  jointing  of  Carboniferous 
ahalea  in  a  natural  section  will  readily  understand  how  the  mass 
might  be,  as  it  were,  pulled  out  horizontally,  so  as  to  occupy  a 
greater  space,  without  losing  its  continuity.  Each  bed  of  the  shales, 
as  seen  from  above,  is  cut  by  an  irregular  network  of  joints  into 
pieces  like  broken  slates  in  a  slate-yard,  and  only  remains  in  its 
place  in  consequence  of  its  resting  on  lower  beds,  similarly  jointed, 
although  the  joints  of  one  bed  do  not  accurately  underlie  or  over- 
lie those  of  the  neighbouring  beds.  Seen  in  a  cliff,  or  other  vertical 
section,  the  pieces  of  shale,  into  which  the  joints  have  divided  the 
mass,  overlap  each  other  in  the  manner 
represented  in  the  diagram  (Fig.  1) .  A 
glance  at  the  diagram  will  show  that 

by  sbghtly  ^dening  each  joint  the  ,,^^,^on  of  a  cliff  of  Car- 

whole  mass  ot  the  shales  might  be  boniSrouB  Shales,  showing  the  ar- 
stretohed  out  so  as  to  occupy  a  greater  raogemei^  of  the  joints. 
space  without  losing  its  continuity. 

Other  strata  alternating  with  shales  in  the  Carboniferous  Lime- 
stone series,  such  as  Sandstone,  Ck>al,  Limestone,  or  Ironstone,  have 
systems  of  jointing  peculiar  to  themselves,  which  vary,  however, 

1  Faults  sometimes  increase  with  remarkable  rapidity.  The  abore  example  is  not  a 
hypothetical  one. 

'  Am  neither  ** elasticity"  nor  "flexibility"  exprenes  the  meaning  to  be  conveyed, 
I  BBk  soB^eUed  to  nie  this  roondaboot  phzita. 
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in  ooDsequence  of  differences  in  thickneaa,  or  in  finenen  of  nuteriiL 
of  individual  beds,  and  oilier  cauBes.  Qenerall;  tpvaking,  the  jointi 
cut  each  hed,  of  wbatever  maleiiil, 
from  top  to  bottom.  A  bed  ot  i^ 
ironatone,  a  foot  in  thioknflo,  is  cat  up 
by  the  ByBtem  of  joints  peculiar  to  it 
i  into  panllelepipedB,  BepaTablB  fom 
8       each  other  (named  "  limkeia"  bj  tha 

I  i    miners),  something  like  paring-flagi. 
J  S   1°  the  bed  of  sfaale  above  or  beloir  &i 

I I  ironstone  thero  are  probably  a  soon  of 
i  S  ^  joint  planes  for  one  in  the  ironstone; 
'   .|  \    while  in  a  thick  bed  of  sandstone  or 

^  S  g  limestone  there  is  probably  not  one 
^  -I  I  joint  for  a  thousand  in  the  sbale.  H 
.^  ^  I  a  number  of  beds  of  ironstone,  sand- 
j  "*  ^  stone,  or  the  like,  lie  together,  thej 
d  ^  3  will  no  doubt  be  capable  of  being 
■d  I  p  stretched  as  a  whole  (ttiough  clumrilj 
3  S  'I  and  with  difficolty),  in  tlie  same 
I  -I  '  manner  as  a  number  of  shale-bedi. 
I  ^  9  But  in  the  case  of  a  single  stratum  of 
~  ^  5  such  material  (jointed  from  top  to 
u  ^  I  bottom)  occurring  in  the  midst  of  s 
a  E  I  thickness  of  shalea,  it  is  evident  that 
I  ^  I  as  the  stretching  of  the  latter  goes  on. 
e  J  Ki  the  single  stratum — which  cannot  be 
'^  "1,%  stretched — must  yaan  along  one  or 
^  ^  I  more  of  the  joints  which  cut  it  in 
f  I  c  linoB  forming  angles  (probably  right 
^  ,  s  t1  angles)  with  the  line  along  which  the 
t1==_|  pulling  force  ia  exerted.  When  the 
-'5  I  pulling  force  is  the  weight  of  the 
=  ;;  -5  "^  strata  let  down  by  a  fault,  it  is  of 
^  ;  3  -  couT^e  exerted  along  the  line  of  the 
1  ,^  i  ^  fault ;  and  the  yawning  in  the  stratum 
■^g't  £  which  cannot  be  stretched  will  tnke 
^x-iz  '^  pl»ce  along  a  line  forming  an  angle 
li  ;  ;  wi'li  the  line  of  fault. 
£|Ji^  It  is  hardly  neceasary  to  remind 
tfa  i  either  the  miner  or  the  geologist  wlw 
bunts  for  fish-teeth  that  by  far  the 
greatest  number  of  the  workable  iron- 
stones in  the  Carboniferous  Limcetiine 
scries  occur  as  isolated  seams  amoug 
considerable  thicknesses  of  dark  Car- 
bonaceous shales.  The  vast  heap  of 
"bliiiso"  which  has  to  be  excavated  as  "holing"  is  almost  u 
familiar  an  oljjoct  at  tho  pit  mouth  as  the  engine-house  itself. 
'  Wants  in  ironslone  seams  are,  therofore,  tlie  gaps   necessarily 
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formed  in  strata  inoapable  of  being  stretched,  which  ooour  among 
strata  capable  of  being  stretohed  by  the  weight  of  a  mass  of  rock 
displaced  by  a  fault.  Fig.  2  is  intended  to  show  two  wants,  amount- 
ing together  to  about  73  yards,  caused  by  the  fault  aboye  mentioned, 
which  had  a  maximum  downthrow  of  220  yards;  its  zero  points 
being  one  mile  distant. 

It  is  by  no  means  asserted  that  even  in  the  case  of  shales  the  capa- 
bility of  being  stretched  is  without  limit  In  every  case  after  the 
limit  is  reached,  the  fault  can  only  increase  its  downthrow  by  in- 
creasing in  horizontal  length  {i.e.  adding  to  the  distance  between  its 
two  zero  points),  or  by  producing  on  its  downthrow  side  one  or  more 
faults  along  lines  of  weakness  forming  angles  with  its  own  line. 
Such  lines  of  weakness,  destined  to  become  faults,  will  be  found  in 
the  largest  wants  in  the  thickest  strata.  Faults  which  disturb 
stratified  deposits  of  varying  composition  are  very  frequently  filled 
with  a  ''hash"  of  the  softer  strata  only,  such  as  shales  and  fire- 
clays ;  and  this  drcumstanoe  may  be  due  in  some  cases  to  the  fact 
that  the  fault  has  been  made  (during  the  increase  of  a  master-fault) 
along  a  line  from  which  the  harder  beds—- of  sandstone  or  the  like — 
had  been  previously  withdrawn. 

When  a  master-fault,  after  exhausting  the  capability  of  being 
stretched  possessed  by  the  strata  displaced,  produces  smaller  faults, 
the  latter  will  have  their  downthrow  on  me  side  towards  which 
the  master-fault  increases.  The  superincumbent  strata  will  settle 
down  along  the  lines  of  the  master  and  smaller  faults  till  the  gap 
which  would  otherwise  have  existed  is  filled  up. 


in. — On  the  Mollusoa  of  the  Cbao-fobmation  of  Iceland. 

By  Dr.  0.  A.  L.  Mo&ch,  For.  M.  B.  Soc,  Edin. ;  For.  Corr.  Z.  S.,  Lond. ; 

Acad.  8c.,  Philad. 

THE  fossils  of  the  volcanic  Islands  of  the  Atlantic  Ocean,  St.  Helena, 
Madeira,  Teneriffe,  and  Iceland,  have  a  special  interest,  as  giving 
dates  relative  to  the  supposed  Atlantic  Continent.  The  fossil 
land-shells  of  St.  Helena  and  Madeira  appear  to  belong  to  a  period 
corresponding  to  the  Crag-formation  of  England.  The  marine 
fossils  of  the  Canaries,  on  the  contrary,  belong  to  a  somewhat  more 
ancient  period. 

In  Iceland  beds  of  fossils  are  found  in  several  places,  but  belong- 
ing to  very  different  geological  ages.  The  most  celebrated  forma- 
tion is  the  Surturbrand,  containing  a  fossil  flora,  chiefly  known  from 
the  description  of  Prof.  0.  Heer  of  Zurich,  from  the  collections  of 
Prof.  Steenstrup,  etc.  It  contains  about  thirty-seven  species  of 
plants,  chiefly  belonging  to  Araucarites  (A.  St&mbergi,  with  stems 
from  1^  to  2^  feet  in  thickness),  Betula,  Corylus,  Alnus,  Vitis,  Lyrio- 
dendron,  TJlmus,  Bhamnus,  Bhus,  Quercus,  etc.  A  wing  of  a  Carabus 
is  the  only  trace  of  animals.  The  author  considers  this  formation  to 
be  of  Miocene  age,  but  belonging  to  two  different  periods. 

The  fossil  shells  belong  to  a  more  recent  period;  but  as  they  are 
never  found  in  the  same  place  in  superposed  strata^  it  ia  di^^x^Vs^ 
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indioate  their  relative  age  with  seonrity.  From  soologioal  luaiODi 
it  is  however  evident  that  some  of  the  beds  are  of  a  more  xeoot 
date ;  whilst  others,  especially  the  beds  of  Hosavik  Hiallbj6niastedir- 
camb,^  the  best-known  formation,  is  the  oldest,  and  probably  oor- 
responds  to  the  older  Crag  of  England  and  Belgium.  The  following 
authors  have  contributed  to  the  investigation  of  this  subject : — 

1.  Eygert  Olafssen  og  Biame  PovdseiL  Beise  igjeniiem  Islind, 
1752-57.  Soro,  1772.— In  vol.  i.,  pp.  126  and  163,  is  desoribed  i 
layer  of  fossils  in  bluish  day,  7  to  10  feet  thiok,  in  the  border  of  the 
Leyraa  and  Laxaa  (two  rivers),  containing  PeeUn  IglatidicMM,  L, 
with  tlio  colours  well  preserved,  and  Oyprina  i«2aiidtoa,  L. — ^In  vdL 
i.,  p.  410,  it  is  stated  that  fossil  shells  are  found  in  several  localitiei 
in  Bardcstrands  and  IseQords  Sysseler,  dose  by  the  shore,  from  be- 
tween one  and  two  to  four  &thoms  above  high-water  mark,  and  in 
several  other  places  in  South  Iceland,  but  not  afterwards  investigated,  so 
far  as  I  know.  It  is  mentioned  that  near  many  of  the  honiseB  are  foond 
large  heaps  {middinga)  of  shells  of  Gifprina  and  Jfya,  eaten  by  the  in- 
habitants, but  which  are  not  to  be  mistaken  for  fossils,  any  more  than  are 
the  shells  and  sea-urchins  the  ravens  have  left  on  the  rooks  far  inland.— 
In  vol.  ii.,  p.  936,  several  localities  for  fossil  shells  are  mentioned, 
on  t]io  authority  of  the  inhabitants.  A  hill  dose  to  Soget  contains 
shells  iu  a  bluish  very  soft  stone,  which  axe  washed  out  by  this 
rivulet,  viz.,  Cardium  hlandicum,  Oyprina  iBlandiea,  and  especially 
TelUna  calcarea,  Chcm.  At  another  place,  in  a  very  hard  rock,  is 
found  Pecten  Idandicus,  with  the  colours  of  the  shell  preserved.  All 
these  localities  seem  only  to  yield  shdls  exactly  like  those  note  living 
on  the  coast  of  Iceland.  The  following  locality  contains  the  greatest 
number  of  shells,  many  of  which  difier  from  those  now  living  in  the 
seas  of  Iceland. — Vol.  ii.  p.  6G5.  Fossil  and  partly  mineralized  (crystal- 
lized)  shells  are  found  in  a  hill  called  Ilallbjomastade-Kamb,  140  feet 
hi^h,  situated  close  by  the  shore,  in  the  vicinity  of  Husavig  harbour, 
on  the  Eastern  part  of  the  North  coast  of  Iceland.  The  mineralized 
(crystallized)  shells  are  only  found  on  one  spot;  they  ore  mostly 
shells  of  Cardiumy  Vcntia  (Cyprina).  The  following  shells  are  in- 
dicatcil :  a.  Asiarte;  b.  Cardium  ciliatumf ;  c.  Pecten  Idamlicnt; 
d.  My<i  truncata;  e,  Buccinum  undatum;  /.  Liiiorina;  g.Fuaus  O/an'i, 
IJock  ;  h.  Natica  clausay  and  perhaps  N.  aperta,  Loven. 

2.  OJaus  Olavius.  Q']conomisk  Keise  igjennom  de  nordvestlige,  etc 
Kanter  af  Island.  1780. — In  vol.  ii.  p.  572,  is  a  plate  with  shells 
from  Ilalbjarnastadirkamp.  The  figures  are  very  bad,  but  the 
plate  gives  a  verj'  good  idea  of  the  abundance  and  position  of  the 
fossils.  TelUna,  Cyrtodaria,  Naasa,  Trophon^  Pleurotoma,  Naticat 
Mittium  ?  The  best  figure  represents  an  Aaiarte,  very  like  to 
A.  caslauea.  Say. 

3.  Voyage  en  Islando  et  aux  Gronland,  execute  pendant  lea  aimeei 
1835   et   183G,  sur  la  corvette   la  Becherch6,   commandc   par  11 

*  *^ Hallhjninarstadii'Kamb'*  is  the  official  way  of  spelling  this  locality,  but  the 
various  nutliors  rcfi'ired  to  wrote  more  or  less  in  Danish  or  old  Icelandic ;  this  will 
sufficiently  explain  the  diversity  in  writing  this  name  in  the  various  works  here 
quoted. — 0.  A.  L.  M. 
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Trehouart,  publie  8OTI8  la  direotion  de  Mr.  Paul  Ghdmard.  Mineralogie 
et  Qeologie,  par  £.  Robert  1840. — P.  283,  **  Lee  ooquillea  fossiles  de 
Hosavik  Hallbjamagtadarkambnr  sont  d'one  abondanoe  extreme 
dans  oe  teirain,  et  admirablement  consenr^eB,  ce  sont  d'apres  Mr. 
Desbayes,  qui  a  oon8tat6  lenr  identite  area  oelles  qui  yivent  encore 
dans  ces  mdmes  lieux,  notamment  les  Oyprina  lalandiea,  Mya  arenaria, 
TeUina  aoUdula  (T.  avata,  Sowb.?),  TeUina  iemui  (probably  T.  cal- 
earea,  Cb.),  Naiica  elauaa,  Cardium  voisin  de  ciUatum,  Solea  vagina, 
S.  entia  f  Bucdwum  voisin  de  Buc  retievlatwm.**  It  is  stated  tbat  tbe 
great  specimens  of  Oyprina  contain  cbambers  filled  with  a  blackish 
matter,  probably  being  part  of  the  animal  (perhaps  the  stomach). 
**  Au  dessus  de  ce  gissement,  les  coquilles  sont  entassees  pele  mele 
oomme  dans  un  falnn ;  lo  tufa  se  divise  alors  en  plaque  et  renferment 
principalement  des  petites  bivalves."  Mr.  Robert  figures  as  Oyprina 
Oaimardi  a  shell  which  Mr.  Deshayes  considers  a  vety  inflated  variety 
of  Oyprina  lalandieay  L. 

4.  0,  O.  Winkler,  Island  der  Ban  seiner  Gebirge  und  dessen 
geologische  Bedeutung.  Mtinchen,  1863. — ^The  fossils  of  Hallb- 
jamarstadir  are  for  the  first  time  stated  to  belong  to  the  Crag-forma- 
tion. Twenty-seven  species  are  enumerated.  Through  the  favour 
of  the  author,  I  have  received  some  sketches  of  the  new  species, 
which  enable  me  to  give  the  following  observations: — Tapes  virginea, 
Forb.,  is  TeUina  ealeareay  Ch. ;  Aitarte  HjcUtaUni,  Winkl.,  is,  as  the 
tbe  author  himself  supposes,  A.  er^rieoBta,  Forb. ;  Natiea  Steena- 
irupiana,  WinkL,  is  Natiea  aperta,  Lov^n.;  Planorbi$  epirorhis, 
Mdll.,^  is  probably  mis- written  for  Spirorbie  horeaUif  Daudin; 
Fatella  hetis,  Winkl.,  appears  not  to  differ  from  Patella peUucida,  L., 
Cyriodaria  Heerii,  WinkL,  is  perhaps  0.  angwtata,  Nyst  The  fol- 
lowing true  Crag-fossils  are  named: — Oyprina rustiea,  Sowb. ;  TeUina 
cffata,  Sowb.;  Oorbidomya  complanaia,  Sowb.;  Oyrtadaria  siliquaf 
Spgl. ;  Natiea  varians,  Duj. ;  Natiea  henUelauBa,  Sowb. ;  N,  oeelusa, 
Wood.  At  p.  211  the  following  species  are  named  as  occurring  at 
Fossvogur,  which  may  be  considered  of  a  more  recent  period : — 
Mya  truncaia,  L. ;  Bueeinwn  undatum,  L.,  var.  vtdgatum  ;  Balanus,  sp. ; 
TeUina,  sp.  From  Amabauli,  p.  212,  which  appears  to  belong  to  the 
same  period : — Oyprina  Islandiea,  L. ;  Astarte  borealis,  Chem. ;  Mya 
truncata,  L. ;  Phola$  eriapata,  L. ;  Peeten  iBlandieus,  L. ;  Buceinum 
tmdatum,  L.,  var.  vvlgatum, 

5.  0.  W.  PaykvlL  Bidrag  tOl  Eannedommen  om  Islands  Bergs- 
bygnad.  (Kgl.  svenska  vetenskaps  Akademiens  Handlingar.  7  Band. 
1867.  Stockholm.)  At  p:  47  is  given  by  the  late  author  a  descrip- 
tion of  the  fossiliferous  layers  of  Hallbjamastada,  and  at  p.  49  a  list 
of  species  named  by  the  present  author.'  The  specimens  are  partly 
in  the  Museum  of  Copenhagen,  partly  in  Stockholm.  At  p.  48  the 
layer  of  Fossvogur,  between  Beykiavik  and  Hafnarfjord,  is  more 
specially  described.  It  contains — Saxieava  mgosa,  L. ;  Mya  trun- 
e€Ua,  L. ;  TeUina  aabulosa,  Spgl.  (T,  ealearea,  Ch.) ;  Nuetda  tenuis, 
Mtg. ;  Balanus,  sp.    These  species  indicate  a  more  recent  period 

»  Wood,  1848,  p.  9,  tab.  1,  fig.  11. 
*  Quoted  in  the  Catalogoe  m  McSroh-FrfkoiUL'tliiflu 
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than  the  Crag.  The  Crag  is  not  fonnd  in  Greenland,  bat  a  formation 
probably  corresponding  to  the  layers  of  Foaavognr  and  AmabinK. 
In  the  following  paper  I  have  given  a  list  of  thirteen  speoiea  of  ahelli 
from  Pattorfik,  in  the  OmenaksQorden.  They  are  still  living  in  the 
seas  of  Greenland,  except  Cffriodaria  nliqua,  Spgl.,  a  Newfonndland 
species,  and  Pawmya  NonegiecLy  Spgl.  (the  form  P.  ardieaf  Lam.], 
found  on  the  north  coast  of  Iceland  and  in  the  Gattegat. 

6.  H.  Rink,  Om  den  geographiske  Beskaffenhed  af  de  dansks 
Handelsdistrikter  i  Nordgrdnhmd  tilligemed  en  Udsigt  over  Nozd- 
gronlands  Geognosie,  1852.  (EgL  danske  Videnskabemes  Selskabi 
Skrifter,  5  Ksdkke,  3  Bind.) 

The  Crag-formation  of  Hallbjamastadir  is  characterised  by  the  fol- 
lowing fossils  : — 1.  Species  not  found  living  but  fossil  in  England 
and  Belgium : — Carhuhmyay  two  or  three  species ;  AeUBon  Noa^  Sowb. ; 
Natica  variaju,  Duj. ;  N,  hemidauaa,  Sowb.;  N.  oeelu$a^  Wood; 
Littorina  littoreaj  the  Crag  variety,  Bucdnapsii  crasium,  Nyst. ;  Na$$a 
manenaiSf  Forb.  ? ;  Voluta,  sp. ;  Trochus,  two  sp. ;  Cfyriodaria  Heerii, 
Winkl. ;  Jlfac^ra,  two  or  three  sp. ;  TeUina  Miqua,  Sowb. ;  TeUUia 
prcBteniiis,  Leathes ;  Cyprina  Gaimardi,  Robert ;  (7.  rustiea,  Sowb. ; 
C.  Islandica,  L.,  var.  pumilio  ;  Mytilus  hesperianuM,  Lam. 

2.  The  following  species  are  found  living  in  the  arctic  regions,  and 
are  found  fossil  in  the  Crag  of  England :  Natica  Qnmdandiea,  Beck ; 
N.  clausa,  Sowb. ;  Tritonium  Orcndandieum,  Ghem. ;  TV.  undaiuniy  var. 
pumilio;  Fusns propinquuSy  Aid.;  J?Wtw /omica/tw, Fabr. ;  Pleurotoma 
turricula,  Mtg.  (but  very  large)  ;  PL  rufa,  Mtg. ;  PL  Treveylliana, 
Turt. ;  Admete  viridulay  Fabr. ;  Patella  pellucida,  L. ;  Teredo,  sp. : 
Solen  ailiqua,  L. ;  S.  ensis,  L. ;  S<ixicava  Norvegica,  Spgl. ;  Cyrtodaria 
siliquay  Spgl. ;  Mya  truncaiay  L. ;  M,  arenaria,  L. ;  Tellina  calcarea, 
Chom. ;  Cyprina  Islandicay  L. ;  Aatarte  crehricosta,  Forb. ;  A.  com- 
pressay  L. ;  Cardium  Graenlandicnm,  Chem. ;  Modiolaria  nigra.  Gray ; 
Mytilua  ednliSf  L. ;   Cardium  echinatum,  L. 

The  following  species  only  are  found  living :  Acryhia  luieay  Gould ; 
TMtorina  Gramlandicay  Chem.;  Tritonium  Totienii;  Tritonium  scalari- 
forme.  Leek. 

At  present  the  north  coast  of  Iceland  is  quite  arctic,  but  in  the 
Crag-period  the  temperature  must  have  been  much  milder,  at  least 
as  at  present  on  the  west  coast  by  Reikiavik.  The  following  genera, 
which  indicate  a  southern  climate,  are  still  found  on  the  west  coast  of 
Iceland  :  Actajon,  Trorhua,  Patina,  Nasaa,  Mactra  (eUiptica),  none  of 
which  are  arctic ;  Littorina  littorea,  Solen  enaia,  S.  siliqua,  Cardium 
echinatum  J  none  of  which  are  arctic  shells,  have  not  been  yet  discovered 
in  Iceland,  but  may  possibly  be  found  there  hereafter.  The  change  of 
the  climate  of  the  north  coast  of  Iceland  to  one  of  a  true  arctic  nature 
probably  has  resulted  from  an  elevation  of  the  land  in  that  part 
which  prevented  the  free  passage  northwards  of  the  great  equatorial 
current. 

Natica  aperta  is  considered  by  Prof  C.  Mayer  to  be  a  tropical 
form,  but  this  species  is,  on  the  contrary,  a  true  Glacial  form.  Prof. 
Winkler   believes   that    the   dwarf   variety  of  Cyprina   I$landica 
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indicates  a  wanner  climate,  like  that  of  the  Baltic  near  the  coast  of 
Mecklenburg,  where  a  small  Tariety  is  said  to  exist  The  size  of 
the  specimens  "of  the  Crag-formation  of  Iceland  is  in  general  not 
remarkable,  except  the  following  species,  which  may  be  considered 
dwarf  varieties :  Fusub  Olavii  (perhaps  dwarf  yariety  of  F.  gracilis), 
Oyprina  hlandica  pumlio,  Oaraium  Orcenkmdicum,  Tritonium  Orcen- 
landicum,  Ch.,  Tritonium  undatum  pumilio. 

The  following  species  may  be  considered  very  large  in  the  Crag- 
formation  of  Iceland  :  ActaonNoa,  Naiica  aperta,  Pleurotoma  turricula, 
CorhvUomya^  two  or  three  species,  much  larger  than  any  specimen 
known  to  me  from  England.  The  three  species  of  Maeha  may  be 
considered  large  in  comparison  with  the  species  now  living  in  the 
North  Sea. 

The  dwarfed  condition  of  certain  species  may  depend  on  various 
oaases.  The  North  Sea  shells  all  become  smaller  when  they 
enter  the  Cattegat  and  the  Baltic,  diminishing  in  size  according  to 
the  decrease  of  the  saltness  of  the  water.  The  freshwater  shells,  as 
NeriUna  and  LymncBa,  decrease,  on  the  contrary,  in  the  same  pro- 
portion as  the  water  becomes  Salter. 

JiAst  of  Mollusca  found  in  the  Orag-formoHon  of  Iceland  at 

HaUbjamaBtadir. 
(The  species  marked  with  *  are  not  known  to  me  from  antopfy). 

1.  ActcBon  NocB,  Sowb.,  Min.  Conch.,  tab.  874. 

Tomatella  Noa,  Nyst,  Coq.  Foss.  de  Belgiqne,  p.  424,  tab.  87,  fig.  22. 
One  specimen  16  mm.  long,  and  10  mm.  in  diameter ;  and  another 
smaller :  Suturis  depressis,  subcanaliculatis,  labro  intus  sulcato. 

2.  Acrybia  liUea,  Gould. 

ifaiiea  aperia,  Lov^n. 

Naiiea  SUensinwiana,  Winkler,  1.e.  p.  209. 

Bulbut  aperiut,  LoY^n,  Morch,  apud  JPajkoU. 

Tungabakker  Tjomass.    The  largest  specimen  is  32  mm.  long  and 
25  mm.  in  diameter.- 

3.  Natica  (Lunatia)  Orcenlandicaf  Beck. 

Ifatica  catena,  D.  Costa,  Wood,  Winkler,  p.  208. 
Mamma  et  Lunaiia  Grwnlandica,  Morch,  apud  Payk. 

Common  (Winkler,  Paykull). 
^4.  Natica  (Lunatia)  varians,  Dnjardin. 

'  Naiiea  varians.  Wood,  p.  142,  tab.  xvi.,  fig.  6. 
Naiiva  borsalit,  Graj  P 

Two  specimens;   30  mm.  long,  25  mm.  in  diameter;    aperture, 

21  mm.  long,  13  mm.  in  diameter. 

^5.  Natica  (Lunatia  f)  hemidauaa,  Sowb.,  tab.  479,  fig.  2. 
Jfatica  hemiclauta,  Winkler,  Lc.  p.  209. 

Eare  (Winkler). 
•6.  Natica  occlusa,  Winkler. 
Natica  occlusa,  Winkler. 
Common  (Winkler). 

7.  Natica  clausa,  Sowb. 

Natiea  clauta,  Sowb.,  Winkler,  p.  209,  w.  6,  Morch,  Payk. 
Common  (Winkler,  Paykull.) 

8.  Natica  (Neverita  f). 

One  specimen,  29  mm.  long,  25  mm.  in  diameter ;  v^TV?QXft^^\fissi« 
Perhaps  the  N  hemclausa  of  Winkler. 
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^8.  Uttorina  Uitoreay  Linn. 

Litorina  littorw,  L.,  Wood,  p.  118»  tab.  x.  fig.  U. 

One  specimen  ezaoUy  corresponding  to  the  Tariety  figured  by 
Wood,  smooth  and  banded;   16  nun.  long,  oiro.  15  mm.  in 
diameter.     PaykalL 
9.  LiUarina  OrcenUmdicat  Ghem* 

The  nucleus  of  some  specimens.    (Qudman.) 

10.  Triionium  Tottenii,  Stimpson. 

Bueeintun  undatmm  vtUgatum^  Wood,  tab.  3,  fig.  \2c, 
„  ,f  f,        Winkler,  p.  210. 

Probably  only  a  variety  of  Buccintan  vndulatum,  Mdller. 

11.  Tritonium  Qroerdandicum,  Chem. 

Btteeinwn  undatum,  var.  Itmuacuhtm^  Wood,  p.  Ill,  tab.  S,  fig.  \2m, 
Tritonium  undulatum  var.  Orwnlatuiieum^  Morcb,  Pajk. 

Fragmentum  T.  Icbvin,  with  the  epidermis ;  20  mm.  in  diameter, 
from  Paykull.  This  species  is  mostly  a  dwarf  variety  of  the 
preceding. 

12.  Tritanium  undatumy  L.  (var.  pwmlio). 

dro.  36  mm.  long ;  20  mm.  in  diameter,  plicis  obltqnis  autondibiu 
prominentibuB.     Three  specimens. 

13.  Tritonium  icalartforme,  Beck. 

circ.  25  mm.  long.;  12  mm.  in  diameter;  13  mm.  long  spirs. 
One  specimen.  Gudman. 

14.  Buccinopaia  crassa,  Nyst. 

Buceinum  craMn*m,  Nyst,  p.  669,  tab.  44,  fig.  7. 
Buceinum  Dalei,  Sowb.  M.C.,  Ub.  488,  fig.  12  P 
Buccinopbis  LaUij  Sowb.,  var.  Morcb,  Payk. 

One  specimen  measures  89  mm.  in  length,  and  20  in  diameter. 
Several  specimens  from  Gudman  and  Paykull.     It  reminds  one 
of  a  dwarf  thick-sboUed  Fusils  antiquus. 
16.  Fusu8  {Sipho)  Olaviiy  Beck.^ 

Testa  Ju«.  gracili  afiinis  sed  parva  tenuiuscula,  sutura  profunda,  spira 
abbroviata.     Mammilla  apicalis  obliqua  Littorinam  obtusatam 
Don  absimilis.   Long,  speciminis  majoris,  35  mm.,  diam.  17  mm. 
Long,  speciminis  minoris,  16  mm.,  diam.  9  mm. 
Fimis  gracilis t  Wood,  var.  a,  tab.  vi.  fig.  lOo,  Don  absimilia. 
Fhsus  Olaviiy  Beck,  Mbrch,  apud  Payk. 

Var.  Spira  longay  38  mm.  long,  16  mm.  in  diameter. 

Trophon  gracilis,  Wood,  tab.  vi.,  fig.  10b. ;  var.  /3  non  absimflis. 

**17  Fusus  {Sipho  f)  propinquus,  Alder;  var.  Spira  elongata. 

Fums propinquui^  Aid.,  Mbrch,  Payk. 

Among  PaykuU's  collection,  now  in  the  museum  of  Stockholm,  1 
believe  tliere  is  a  specimen  of  this  species.  It  is  certainly 
found  in  the  Crag  of  Belgium.  I  have  seen  several  specimens, 
with  well-preserved  apices,  corresponding  in  shape  to  the  figure 

given  by  Nyst. 

18.  Fus%i8  (Neptunea)  fomicatuSy  Fabr. 

Fimis  autiquusy  Wood.,  tab.  xi.  fiff.  4a- ir  (Winkl.). 
FmM  d€8p€ctu9y  L.,  var.  Mbrch,  Payk. 

Common  (Winkler).  I  have  only  seen  a  well-preserved  fragment 
43  mm.  in  diameter. 

'  Not  the  lUtut  Olaviij  Back,  in  Siok^ald  Urwelt  Riwlanda,  1842,  p.  141. 
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20.  NoBta  num«fwt«,  Forb.,  Je£fr.,  ««ffroimiM. 

Testa  oonioa,  anir.  planinflonlis  ocmferte  oostatis;  ooeto  oirciter 

29  in  anfr.  tiltimo,  bifidad  ob0olet»  vnnaAxb)   spiraliter  liratsB 

undo   interstitiis  costamm  foveolatis.     Long.  12   mm.,  diam. 

6^  mm. ;  spiras  7  mm.  long. 

JVmmi  lobroM^  Wood,  tab.  8^  ^,  8,  q[Boad  foniMm  sed  Don  HndptonL 
Nasia  (Stoieri,  Payr.  non  abtimilit, 

I  bave  compared  four  speoimens  from  Mr.  Gndman,  and  from 
Spengler's  oollection  one  specimen.  I  consider  it  yeiy  different 
^m  N.  monensii,  Forb.,  wbicb  I,  however,  do  not  Iudlow  from 
autopsy. 

21.  PUurotama  {Isehntda)  harrieula,  Mtg. 

Clavaiula  turrieula,Wood^  tab.  Tiii.,  fig.  IS,  'V^nkler,  p.  2U. 

Very  large  specimens,  20  mm.  long,  8  mm.  in  diameter;  spirsd, 
10  mm. 

22.  PUuroioma  (Isahmila),  sp. 

Clavatula  coneitmata,  Wood,  p.  61,  tab.  TiLyflg.  II,  aff.  fol.  O.  mMa^  fig.  10. 
One  specimen  is  19f  mm.  long,  8  mm.  in  diameter;  spirso,  11  mm. 
long. 

23.  Pleurotoma  {Bela)  rufa,  Mtg.  Wood. 

13i  mm.  long,  5^  mm.  in  diameter ;  spirss,  7  mm.  long. 

24.  Pleurotoma  (Isehnvla)  TreveyUianaf  Iieacb. 

Giro.  11  mm.  long ;   6  mm.  in  diameter;  anfr.  ult,  5  mm.  long. 

25.  Admete  viridtUa,  Fabr. 
One  specimen,  10  mm.  long. 

26.  VoltUa,  sp. 

Fragmentom  spirse*  Anfr.  tres  primi  solmn  adsunt:  anfr.  2 
primi  lasvigati,  mamillam  formantes;  anfr.  tertium  undatim 
plicato-costatus.     Sutmra  profunda.    Diam.  S  mm. 

Caneellaria  cortmata,  Wood,  tab.  yii.,  fig.  18,  gi^es  an  idea  of  it. 

27.  Trochus  amphibola,  nov.  sp. 

Testa  subpeiforata  conica  obtuse-angulata.  Anfr.  conyexiusculi, 
quadrilirati,  interstitia  lirarum  lirulis  2*-3  intercalantibus.  Labio 
Bubreflexo  incrassato  liris  2-3  obsoletis.  Periomphalum  declivi 
angusto.  StrisB  inor^nenti  regularibus  membranaceis.  Axis, 
8  mm. ;  long,  13  mm. ;  diameter  maj.,  12  mm. ;  min.,  10  mm. 
(Gibbfda)  very  like  Margarita  einerea,  Oouth.,  but  decidedly  a 
Troehus, 
28.  Trochw  (Qthbtda). 

Testa  convexo  conica,  imperforata,  carina  subprominula  acutiuscula. 
Anfr.  declivi  planiusculi  supra  carinam  liris  5  bipartitis ;  basis 
oonferte  lirulata  interstitiis  lirarum  carinam  versus  lirula  inter- 
calante.     Striae  incrementi  confertaa,  obliqusB,   regularcs,   fili- 
formes.      Axis,  6  mm. ;  long,  8  mm.  diameter  maj.  9  mm. ; 
min.  7  mm. ;  alt  anfr.  penult,  2J  mm.     Allied  to  IV.  divari- 
catus,  Jj,     One  specimen. 
•29  Patella  {Patina)  pelluciday  L.  ? 
Pa(ella  UbvU,  Winkler,  I.e.  p.  211. 
The  surface  is,  according  to  Dr.  Winkler,  smooth,  the  concentric 
lines  of  growth  are  scarcely  to  be  seen  by  the  lens.     Length 
9^  mm.,  and  6  mm.  broad. 
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AOSPHALA. 

30.  Teredo,  sp.,  tube  abont  9  mm.  in  diameter.    In  a  fossil  pieoe  of 
wood.    PaykoU  indicates  ezaody  the  layer  in  whibh  it  is  foond, 

JL  42.  d. 
olen  siliqua,  L.  ? 
In  the  Spenglerian  collection  is  fonnd  a  fraigment  27  mm.  Imig; 
and  14  mm.  higli. 

32.  Solen  eima,  L.  minor,  Nyst,  l.a,  tab.  1,  ^.  4. 

In  the  same  collection  a  fragment  18  mm.  long,  7^  mm.  high. 

33.  Cyrtodaria  at'Ztgtca,  SpgL 

OlyeimtrU  angmta,  Nyst,  p.  65,  tab.  11,  fig.  1«.  (^^nkkr). 

Well  preserved,  often  with  the  ligament. 
•34.  Cyrtodaria  Heerii,  Winkler,  La  p.  208. 

According  to  a  sketch  by  Dr.  Winkler,  this  spedes  is  established 

upon  a  rather  incomplete  specimen.    It  is  46  mm.  long,  snd 

19  mm.  high,  under  the  umbo  only  13  mm.    It  looks  to  me 

very  like  Cyrtodaria  angnsta,  Nyst 

•35.  Sduncava  {Panomya)  Norvegiea,  SpgL 
PanoptBa  Norvegiea,  Spgl.  Winkler,  Lo.  p.  208. 

36.  Corhtdomya  complanata,  Sowb. 

Oorbula  eompkmatOj  Sowb.,  M.O.,  p.  86,  tab.  862,  fig,  7,  nx  8. 
Corbulomya  eomplanata^  Nyst,  Coo.  Foil.,  p.  69,  tab.  2,  fig.  2  (Winkl.). 
Corbula  eomplanata,  Bronn.  Lctb.  T.,  11,  p.  69,  tab.  87,  fig.  8. 
Oorhulomya  eomplanata,  MSrch,  Pajk. 

Several  specimens  exceedingly  thick  in  the  shell,  23f  mm.  long, 
13  mm.  alt. 

37.  Corhulomya  WinJcleriy  Murch. 

Corbulomya  complanata,  Winkler,  p.  206,  non  Sowb. 
Corbulomya,  sp.  Morch,  Payk. 

Testa  tenuis   postice  angustata  juxta  umbones  ochracea.    Long. 
29  mm.,  alt.  15  mm. 

38.  Corhulomya  J  sp.  ?  var.  Ahhreviata  prcecedenUs  f 

39.  My  a  arenaria,  L. 

My  a  arenaria,  L.,  Winkler,  p.  205,  Morch,  Payk. 
Bather  common,  Winkler,  JPaykull. 
The  largest  is  72  mm.  in  length,  40  mm.  high. 

40.  Mya  truncaia,  L. 

Paykull.     One  specimen  70  mm.  long,  48  mm.  high. 

41.  Mactra  {Spisula)  procra^sa,  S.  Wood. 

Mactm  foiidiCj  aff.,  Morcb,  Payk. 

42  mm.  long,  35  mm.  alt 

Cyprina  Mandica,  var.  without  lunula  or  area.     Winkler,  p.  201, 
belongs  perhaps  to  this. 

42.  Mactra  {Spisula)  arcuata,  Sowb.,  1817,  tab.  168,  fig.  1.     Long. 

55  mm. ;  alt.  43  mm. 

43.  Mactra  (TrigoneUa),  sp. 

3factra  stuitorutn^  L.,  S.  Wood?     Morch,  Payk. 
This  species  closely  resembles  Cardium  Grcenlandicum,  Chem. ;  it 
is  however  easily  distinguished  by  the  want  of  the  impresBed 
lines  outside  for  the  reception  of  the  ligament. 

44.  Tellina  (Macoma)  ohliqua,  Sowb.,  M.C.,  tab.  161,  fig.  1. 

Ttllina  obliqua,  Nvst,  p.  107,  tab.  16,  ^,  2. 
TMina  ovata,  Sowb.,  Winkler,  p.  203,  Morcb,  Payk. 
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I  give  here  the  measure  of  some  individuals — 

Long.  36  mm. ;  alt  33  mm. 
«      28    „        „    23    „ 
„      33    „        „    28    „  Wood,  tab.  7,  fig.  1. 

45.  TeUina  {Maeoma)  calcarea,  Chem. 

Tapt9  virgimoy  Forbef ,  Winkler,  p.  203,  ex  figmm. 
TeUina  sabulota,  Spgl.,  Mbrcb,  PaykolL 
Bather  oommon ;  28  mm.  long,  19  mm.  alt. 

46.  TeUina  (Maeoma  f)  prcelenuis,  Loathes. 

Tfllmapratenuit,  Wood.  p.  238,  tab.  21,  flf.  2. 
Ttttma,  sp.  Mbrch,  PaykuU. 

Husavig,  Spgl.,  Paykull. 

47.  Cyprina  Islandieaf  L. 

Oypnna  IslandicOf  L.,  Morch,  Paykull.    * 

The  large  form  is  rather  searoe.    I  give  here  the  measures  of 
three  individuals. 
Long.  oiro.  98  mm. ;  alt.  85 ;  crassities  testae,  4^  mm. 
>i         •"    i>        »  ^y         „         „     4     „ 
„         ^^7  „         „   65  „  „     8      „ 

48.  Cyprina,  sp. 

Cyprtna  ItlandicOj  ^jtL  p.  145,  tab.  iz.,  fig.  1. 

„  „         Wood,  p.  96,  tab.  18,  fig.  2. 

„  „         Winkler,  p.  200. 

Cyprina  Gaimardi,  Robert,  Morch,  PaylndL 
(^prina  Ulandiea^  Desbayes. 

In  immense  banks.  The  valves  are  always  united  and  closed, 
often  with  the  ligament  preserved,  and  with  crystals  of  calcspar. 
I  am  very  much  inclined  to  consider  it  a  distinct  species.  A 
similar  dwarf  form  is  found  in  Odense^ord,  Fyonia,  and, 
according  to  Winkler,  on  the  coast  of  Mecklenburg.  Long. 
73  mm.,  alt  60  mm. 

^49.   Cyprina  Gaimardi,  Robert. 

Cyprina  Oaimardi,  Robert,  l.o.  p.  285,  fig.  51. 

Probably  the  same  as  the  following. 
®50.  Cyprina  rwtiea,  Sowb. 

Cyprina  tumidOf  Nrst,  p.  148,  tab.  10,  fig.  la-c. 
Cyprina  rustica.  Wood,  l.c.  p.  197,  tab.  18  fig.  la. 

The  right  valve  partly  preserved.  The  length  is  about  45  mm. 
and  the  breadth  nearly  the  same ;  diameter,  40  mm. ;  the  thick- 
ness of  the  shell  4-5  mm.  Cyprina  Lajonkairii,  Groldf.,  p.  237, 
tab.  148,  fig.  9,  quoted  by  Dr.  Winkler;  seems  to  me  not  to 
belong  to  this  species. 
^51.  Astarie  erebricosta,  Forbes. 

A9iarU  HjaUalinii,  Winkler,  l.c.  p.  204. 

According  to  Dr.  Winkler's  drawing  not  sufficiently  distinct  a  sp. 

52.  Asiarte  eompressa,  L. 

Asiarte  tUipticaf  Brown. 
A  fragment  seems  to  me  to  belong  to  this  shelL 

53.  Cardium  echinatum,  L. 

Cardium  echinatum,  Winkler,  p.  202,  Morcb,  Payk. 

Long,  tested  circ.  55  mm. ;  costas  fere,  3  mm.  lataa. 
Dr.  PaykuU's  specimen,  with  a  part  only  of  the  shell  preserved, 
indicates  a  very  thick-shelled  variety. 
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^o  (.   Cardium,  sp. 

A  iiiuull  distinctlj  ribbed  fonn,  not  determinable.     Winlder,  p.  SOS. 
J»o  Curdium  {Serripes)  Gngnlamdietim,  Ghem.,  var. 

i^trdittm  Grmnlamdieum,  Wood,  Ub.  8,  t%,  Ic,  WinUer,  p.  202. 

tkrript*  Gretnlandinu,  Chem.,  Mbrdi,  Payk. 

Rather  oommon,  long.  42  mm. ;  alL  85  mm.  oiio. 
Spm.  jun.     „  „       9    „        i.      8     •, 

Thig  variety  looks  most  like  to  the  varietj  from  BpiUbeigWi. 

called  C,  Fabricii  by  Deshayes. 
Old  specimens  are  rather  difficolt  to  distingaiBh  from  Madn 
without  the  hinge.    The  Mcusira  is,  howevery  easily  reoogniasd 
by  the  want  of  the  impressed  lines  for  the  reoeption  of  tibe  ei- 
tomal  ligament  of  Cardium. 
5G  Modiolaria  nigni,  Gray. 

The  nucleus  of  a  rather  large  specimen. 
67.  Mytilm  edulia,  L. 

A  few  young  specimens,  the  largest  32  mm.,  from  Payknll. 
/>8.  Mytilus  heaperianus,  Lam.,  Wood. 
Mytilut  densatuSf  Wood,  Cat. 

Tungubakkar  paa  Tjomses.    The  largest  specimen  is  80  mm.  long 
and  35  mm.  high. 
r>9.  I^epralta  auriculatat  Hen.,  Smitt. 
00.  Balanus  sulcatue,  Brug. 
<il.  Balanus  avtdaria,  Lam.  ? 


IV. — Notes  on  Metamorpeism  of  Strata  in  the  Mendip  Hizxs. 

By  Horace  B.  Woodward,  F.G.S., 
of  the  Geological  Surrey  of  England. 

ALTITOUGH  the  Mendip  Hills  have  received  a  large  share  of 
attention  from  geologists  since  the  beginning  of  the  present 
century,  and  particularly  from  Buckland  and  Conybeare,  Weaver, 
Do  l;i  licclio,  Kamsay,  and  Moore,  there  are  still  many  ix)ints  of 
^reat  interest  that  require  to  be  worked  out. 

The  ol)ject  of  the  present  communication^  is  to  re-direct  attention 
to  some  instances  of  silicification  which  are  to  be  met  with  in  certain 
fonnations  on  the  Mendip  Hills,  and  to  ofifcr  some  theoretical  re- 
marks on  the  origin  of  this  metamorphism. 

Gntcriil  Description, — On  Harptreo  and  Egar  Hills,  in  the  neigh- 
hourhood  of  Chewton  Mendiji,  and  also  near  Emborrow,  reposing  on 
the  Dolomitic  Conglomerate,  the  Mountain  Limestone,  and  the  Old 
Hod  Sandstone,  there  occurs  a  peculiar  siliceous  deposit.  In  the 
upper  part  it  is  a  compact  chert  containing  shells,  lower  down  oome 
windy  beds;  sometimes  tlie  chert,  appears  conglomeratic,  or  rather 
brccciated,  for  the  fragments  contained  in  it  are  angular.  Tlie  entire 
iloiX)sit  must  attain  in   places  a  thickness  of  30  feet,  but  in  the 

I  I  Hhould  mention  that  my  obscryations  were  made  in  1868  and   18G9  when 

fBgiged  with  my  colleagues,  Messrs.  W.  A.  E.  Ussher  and  J.  H.  Blake,  in  re- 

MM^lhe  Mendip  11  ills,  under  the  superintendence  of  Mr.  H.  W.  Bristow, 
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absenoe  of  any  dear  section  this  estimate  is  merely  approximate. 
The  molluscan  remains,  of  which  the  species  collected  by  the 
€^logical  Survey  were  determined  by  Mr.  Etheridge,  show  that 
the  RhsBtic  and  Lower  Lias  formations  are  here  represented.^  The 
fossils  are  changed  like  the  rock  in  which  they  are  imbedded; 
occasionally  the  shells  have  been  dissolved  away^  leaving  cavities. 
Associated  with  the  Dolomitic  Conglomerate  there  often  occur  in 
the  same  vicinity  cherty  beds  somewhat  similar  in  character  to  the 
above-mentioned  deposits;  they  may  be  seen  by  the  road-side  at 
Eastwood  House,  near  East  Harptree,  and  on  the  hill  above  this 
■pot,  and  near  Green  Down  Cottage. 

PteviouB  Observers. — ^These  deposits  have  attracted  much  notice ; 
but,  from  the  earlier  observers  having  confounded  the  two,  some  con- 
fusion at  first  arose.  Thus  Mr.  Weaver'  referred  them  both  to  the 
Greensand ;  the  Bev.  W.  D.  Conybeare,^  pointing  out  the  fossil 
remains  found  in  the  cherty  beds  at  one  place,  and  the  association  of 
chert  vnth  the  Magnesian  (Dolomitic)  Conglomerate  at  another, 
referred  the  whole,  Uiough  with  hesitation,  to  the  Magnesian  Lime- 
stone. Later  he  and  Dr.  Buckland^  placed  them  with  the  Dolomitic 
Conglomerate.  In  the  Geological  Survey  Map,  Sheet  19,  the  fossil- 
iferous  beds  were  included  with  the  Lower  Lias,  those  of  Keuper 
age  were  mapped  with  the  Dolomitic  Conglomerate,  or  with  the 
New  Red  Marl.» 

Detaih  of  Liassic  Beds. — The  surface  of  the  ground  at  Harptree 
Hill  is  covered  with  hollows,  some  sunk  to  obtain  ochre  from  thin 
clayey  beds  interstratified  with  the  chert,  others  to  obtain  calamine 
from  the  Dolomitic  Conglomerate  beneath  the  chert,  while,  again,  a 
few  are  tmdoubtedly  natural  hollows  or  pot-holes  due  to  dissolution 
of  the  Mountain  Limestone  where  it  imderlies  the  chert  These  pits, 
being  generally  covered  with  a  loose  talus,  rarely  afford  any  section 
of  the  beds.  The  best  exposure  is  seen  in  a  pot-hole,  about  60  feet 
in  diameter,  east  of  the  road,  and  about  half-way  between  East 
Harptree  and  the  "  Castle  of  Comfort"  The  beds  shown,  to  a  depth 
of  nearly  20  feet,  consist  almost  entirely  of  massive  chert,  in  layers, 
from  one  to  three  feet  in  thickness,  separated  by  thin  clayey  partings 
(probably  of  subsequent  subacrial  formation),  and  standing  out 
sharply,  but  sometimes  weathering  sandy  (at  the  exterior).  Lower 
Lias  fossils  occur  in  the  top  beds,  while  very  probably  the  lower 
beds  represent  the  White  Lias,  but  in  these  no  fossils  were  detected. 
In  places,  indeed,  some  beds  have  a  curious  resemblance  to  the  Sun- 
bed,  or  top  limestone  of  the  White  Lias  in  Somersetshire,  which 
usually  has  a  flinty  appearance  and  conchoidal  fracture.     Beneath 

^  Mr.  Sanders,  F.It.S.,  has  collect€d  a  series  of  fossils  from  these  beds,  -which  he 
has  placed  in  the  Museum  at  Bristol.  Thc^r  have  also  been  briefly  alluded  to  by  Mr. 
C.  Moore,  Quart.  Joum.  Geol.  Soc.,  toI.  zxiii.,  p.  492,  and  Mr.  £.  B.  Tawney,  ibid, 
vol.  zxii.,  p.  79.  Lists  will  be  published  in  tiie  official  explanation  which  will  ac* 
company  tne  new  edition  of  Sheet  19  of  the  Geological  Survey  Map. 

'  Trans.  Geol.  Society,  second  series,  vol.  i.  p.  364. 

*  Geology  of  England  and  Wales,  p.  304. 

*  Trans.  Geol.  Society,  second  series,  yol.  i.  p.  294. 

*  The  former  were  alluded  to  by  De  la  Beohe,  Mem.  Geol.  Boryey,  yol.  i.  p.  277. 

▼OL.  TUI. — KG.  LXXZTU.  'l^ 
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these  beds  of  chert,  aocording  to  Weaver,  oomeB  the  ConglomeniiB 
bed.  wliich  is  probably  of  Bhaotio  age. 

Near  the  cottage  at  £[arptree  Hill  is  a  pit  dog  in  hardened  ledduk^ 
brown  sand  (*'  rock-sand")  crowded  with  PMastra  arenuola,  wUb 
in  hollows  hard  by  loose  blocks  of  sandstone  containing  this  ahdli 
together  with  Avicula  eontorta  and  Peeiem  Valonienns,  are  to  h 
found.  These  Rhastic  sands  show  no  other  alteration  &om  dMir 
original  character  than  induration.  They  are  of  very  local  diitii- 
bution,  and  occupy  a  position  above  the  grey  Bhastio  marls;  they  an 
not  exposed  along  the  escarpment  to  the  north,  but  here  the  gitmnd 
is  much  obscured  by  detritus.  The  lowest  beds  of  the  IUiBBtic»  the 
grey  marls,  pass  downwards  into  the  red  marls  of  the  Keuper  aft  tJie 
East  Harptree  Lead  Mines,  and  show  no  alteration  in  character. 

Around  Green  Down  Cottage  the  ground  is  very  complicated, 
and  here  there  is  a  quarry  exposing  the  ordinary  ar^Uacebua  lime- 
stones And  clays  of  the  Lower  Lias  and  a  portion  of  the  White  Lias. 

South  of  the  cross  roads  at  Egar  Hill  are  beds  of  Lias  Limestone. 

These  facts  show  the  partial  nature  of  the  silioification,  and  also  as 
regards  tlie  Lower  Lias  and  the  White  Lias,  that  there  was  no 
gradual  change  in  sediment  from  limestone  and  clays  to  an  are- 
naceous beach  deposit,  which  is  an  explanation  that  suggests  it8el£ 

Keuper  Beds, — The  Chert  beds  associated  with  the  Keuper  oocupj 
very  variable  positions ;  they  can  be  traced  sometimes  above,  at  others 
below,  the  Ked  Marl  or  Dolomitic  Conglomerate,  which  latter  occa- 
sionally appears  silicified.  On  the  borders  of  the  Mendip  Hills  it  is 
well  known  how  these  beds  dovetail  one  into  the  other.  The  ques- 
tion is,  whetlier  tlicse  bods  be  altered  red  marls,  or  whether  they 
were  originally  arenaceous,  and  have  been  subsequently  compacted. 
I  nm  inclined  to  think  the  former  supposition  the  correct  one, 
because  in  this  immediate  neighbourhood,  where  sections  of  un- 
altered beds  arc  obtained,  as  in  the  lane  leading  from  Compton 
Maitin  Church  up  Keighton  Hill,  and  also  in  the  gorge  between 
Noah's  Ark  and  West  Harptree,  marls  and  conglomerates  alone  occur. 
In  the  quarries  at  Efist  Harptree,  where  the  beds  are  worked  for 
road-nietil,  they  appear  much  broken  up,  and  there  are  no  linos  of 
stratification  apparent.  These  beds  are  described  by  Messrs.  Buck- 
land  and  Conybeare  as  sandstones  "of  so  fine  and  compact  a  grain 
as  to  assume  the  character  of  chert."  They  have  a  peculiar  baked 
appearanc»e,  and  are  quite  unlike  the  ordinary  sandstones  of  the 
Keui)er  series,  the  only  representatives  of  which  in  the  neighbour- 
hood are  some  calcareous  sandstones  or  comstones  found  near  Chew 
Magna,  etc.,  and  which  are  quarried  for  building  purposes. 

(Character  of  Change, — It  is  clear,  then,  that  the  Cherty  beds  have 
suffered  a  great  change  since  their  original  deposition,  and  that  only 
local  patches  of  rock  have  been  metamorphosed.  What  now  was 
the  agency  that  produced  this  change  ?  We  look  in  vain  for  any 
suggestion  in  the  district  itself,  and  therefore  seek  information  else- 
where. Turning  to  Jukes's  Manual,*  we  learn  that  the  Lias  of  Port- 
rusli  has  been  converted  by  contact  with  a  large  mass  of  greenstone 

^  New  (second)  edition,  1862,  p.  166. 
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into  a  smooth,  liard,  brittle,  splintery  rock,  that  might  be  called 
JSomstone,  and  in  which  the  fossils  are*  still  perfectly  preserved. 
JSIiis  notice  led  as  to  seek  Major-Qeneral  Portlock^  for  particulars, 
^  h  seems  we  have  here  a  parallel  case  of  change.  It  is  the 
»as  days  of  the  Lower  Lias,  as  seen  at  Ballintoy,  that  have 
altered  into  the  Portrash  rock.  He  gives  some  analyses  made 
Dr.  Apjohn,  which  roughly  show  the  character  of  the  change 
,.^  consist  in  a  loss  of  carbonic  acid  and  of  a  great  deal  of  lime. 
^Cliay  prove  it  to  be  on  the  whole  a  molecular  change  rather  than  one 
^  replacement. 

^  We  append  an  analysis  given  by  De  la  Beche'  of  the  Bed  Marl 
pfe  Aust,  and  which  show»  but  little  variation  from  the  analysis  of 
.tibe  Ballintoy  mark : — 

Ballintoy  Marl«.     Portrash  Bock.   Bed  Marls  Anit. 

Silica 66-90»  67-44  4869   • 

Protoxide  of  Iron  4*79 

Peroxide  of  Iron 7*43  1016                   909 

Alamina 1-76  23-48                   8-77 

Lime  1902*  6*94                   8-68 

MaffDesia    ^ 3-94*  2-6a                  0-94 

Carbonic  acid 8*66 

Soda,  Potash,  etc 99-7a                  6  23 

Water  and  loss  10-96  4-26 

100-00  10002 

We  have  not  met  with  any  analyses  of  the  Somersetshire  Liaa,' 
bat  its  general  composition  (the  clays  and  limestones  being  taken 
together)  would  doubtless  be  similar  to  that  of  these  marls.  Accurate 
■aalyses  of  the  beds  would  have  been  interesting,  but  they  are  not, 
however,  essential  to  the  argument 

Cotta*  mentions  that  in  G^ermany  the  name  of  **  Homfels"  is  given 
feo  certain  rocks,  the  product  of  transmutation  of  argillaceous  deposits, 
bnnd  adjoining  to  plutonic  rocks,  to  whidi  they  probably  owe  the 
bhange  they  have  undergone. 

Origin  of  Change* — We  may,  therefore,  conclude  that  some  similar 
Bgency  to  that  which  has  affected  the  Lias  of  Portrush  has  been 
instrumental  in  altering  the  beds  in  Somersetshirer 

Unfortunately  we  have  no  traces  of  igneous  rock  at  Harptree ; 
bideed,  the  nearest  point  at  which  trap  is  exposed  is  distant  about 
Blight  miles,  namely,  at  Wrington  Warren.  There  are  also  dykes  at 
Dovmhead  and  Bleadon  Hill.  They  do  not  seem  to  have  effected 
mnj  great  change  on  the  rocks  with  which  they  are  seen  in  contact, 
Kfeor  does  it  appear  that  they  were  erupted  at  one  period. 

The  large  basaltic  dyke  discovered  by  Mr,  Moore,'  and  found  by 
Ifr.  Ussher  to  extend  from  Tadhill  House,  Downhead,  to  near  Long 

1  Beport  on  the  Geology  of  Londonderry,  etc.,  pp.  97,  98,  140,  150,  etc 

•  Hem.  Geol.  Snrrey,  vol.  i.  p.  264. 

s  This  is  given  as  Matter  insoluhle  in  Hydrochloric  aeid. 
4  These  are  Carhonates. 

a  SaTo  one  of  the  Lower  Lias  of  Downside,  near  Shepton  Mallet,  the  equivalent  of 
the  Sntton  Stone.— /ftu/,  p.  276. 

•  Bocks  Classified  and  Descrihed.    Edited  hy  P.  H.  Lawrence,    p.  360« 
^  Qnart.  Jonm.  GeoL  8oc.,  vol.  zxuL,  p.  461. 
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Cross  Bottom,  with  a  breadth  of  about  a  quarter  of  a  mile,  ii 
regarded  by  the  former  as  eyidence  of  the  mighty  agent  wbkii 
formed  the  Mcndip  anticlinal,  at  '*  a  time  not  far  removed  from  Ik 
deposition  of  the  upper  beds  of  the  Trias,"  or  perbaps,  we  nqg^ 
suggest,  in  Permian  times. 

The  trap  rock  of  Bleadon  Hill  was  described  by  the  Ber.  U 
Williams,  soon  after  the  completion  of  the  railway  cutting  at  UphilL* 
Tlio  rock  is  exposed  at  the  base  of  the  section  beneath  the  MoqbIui 
Limestone,  which  is  much  altered  by  it  Mr.  Williams  peints  oik 
the  change  to  be  one  of  crystallization,  and  that  the  Limestone  bai 
altered  in  colour  and  become  very  crisp  and  brittle.*  Mn  Sanden' 
subsequently  described  the  section,  and  stated,  withont  going  into 
particulars,  that  he  differed  very  materially  from  Mr.  Williams  Bb 
regarded  the  igneous  rock  to  have  caused  the  extensive  fanltxDg 
which  is  shown  in  the  section,  where  the  Lias  is  brought  abrapth 
against  the  Mountain  Limestone.  And  therefore  this  eruption  i) 
probably  of  the  same  age  as  that  which,  as  we  believe,  affected  tlie 
Secondary  bods  at  Harptree. 

Siliceous  Mountain  Limestone. — ^The  Mountain  Limestone  is  in  sobm 
places  very  siliceous,  particularly  in  the  neighbourhood  of  BanwelL 
and  also  nortli  of  Priddy,  where  I  remember  using  pieoee  of  the 
rock  to  strike  a  light  for  my  pipe.  Tlie  silicification,  I  need  not  sat. 
has  nothing  to  do  with  the  black  chert  bands  which  cut  across  tbe 
bods  in  all  directions. 

Elevation  and  Depression, — Wo  must  now  look  to  support  fron 
other  consideratioiis  to  account  for  the  metamorphism  of  the 
SvOondaiy  hods.  Wo  know  that  considorable  changes,  apart  from 
(ItTiinlation,  have  alfected  the  configuration  of  the  district  since  the 
doi)()sitir)n  of  the  Jurassic  rocks,  for  the  Lias,  Kha^tic  and  Dolomitie 
(\>n^Ioiuorato  occur  on  some  of  the  highest  jiarts  of  the  Mendipi> 
bet\v(»cn  Cliartorliouso  Warren  and  Egar  Hill,  and  considenblj 
a])ove  tho  vales  and  plains  on  either  side  of  the  range  where  these 
bo<ls  occur  in  forces  Irregularity  of  sea-bottom,  or  the  higher 
position  of  beach  deposits  over  those  formed  away  from  the  cos«t 
cannot  he  adduco*!  to  account  for  these ;  unequal  elevation  in  Post^ 
Liassic  times  is  dearly  tlie  explanation. 

We  say  uneriual  elevation,  because  there  is  no  doubt  thai 
portions  of  tho  Mondip  area  wore  al)ove  water  during  the  Triassic 
and  Liassic  periods.  Indeed,  Mr.  Moore  is  of  opinion  that  as  an 
island  it  constituted  a  barrier  against  the  incursion  of  beds  imroe- 
diatoly  to  the  north,  where  the  Keuper  and  Liassic,  though  not  iki 
Bhutic  hedSf  show  a  considorable  thinning  out.* 

We  cannot  tell  tlie  precise  period  when  the  higher  patches  of  Lias 
and  l)<^lomitic  Conglomerate,  including  a  portion  of  the  cherty  heds, 
were  elevated  into  the  positions  they  now  occupy. 

I  Proc.  Geol.  Soc,  vol.  iv.,  p.  293. 

^  I  have  an  impression  that  it  woj}  rather  siliccnos.  But  Dana  ohservet  that  is  tbr 
mctamorplusm  of  limestone  the  carbonic  ncid  is  not  given  out  if  the  material  is  osda 
heavy  pressure. — Manual  of  Geolo<»v,  1863,  j).  705. 

^  Kep.  Brit.  Assoc.,  1846.    Trans,  of  Sections,  p.  60. 

4  Quart  Joum.  Gcol.  Soc,  vol.  xxiii.,  p.  449. 
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Professor  Bamsaj  ^  has  shown  that  throughout  the  period  oocupied 
by  the  deposition  of  the  New  Bed  Marls  and  Lias,  the  general 
toidency  of  the  area  was  one  of  depression,  and  that  after  the 
deposition  of  the  Lias  the  general  tendenoj  was  for  a  lengthened 
time  one  of  elevation,  the  sncoessive  Oolitic  deposits  aooumulating  in 
a  diminishing  area. 

The  hods  in  question  may,  therefore,  hare  been  upheaved  into 
their  present  relative  position,  and  altered  in  Oditic  times. 

This  was  attended  by  much  faulting,  as  is  apparent  when  a 
surrey  of  the  ground  is  made.  Lideed,  the  neighbourhood  of  these 
oherty  beds  is  much  affected  by  faults,  which  are  probably  more 
numerous  than  can  be  ascertained  with  certainty. 

Metamarj^ic  Agents, — Elevation  we  know  to  be  due  to  igneous 
agency,  and,  therefore  it  is  to  the  presence  of  igneous  matter  that 
we  attribute  the  alteration  of  these  Secondary  strata.  While, 
however,  we  attribute  the  metamorphism  to  igneous  eruption,  it  is 
only  as  a  promoting  cause,  for  we  are  led  from  the  absence  of  any 
tieoes  of  igneous  rock  at  the  surface  to  infer  that  the  heat  which 
produced  the  change  was  applied  through  the  agency  of  water. 

Dana'  has  pointed  out  how  sub-marine  beds  are  saturated  with 
water,  and  how,  when  an  eruption  should  occur,  and  the  molten 
rock  is  forced  up  through  fissures,  the  interspersed  or  permeating 
waters,  as  well  as  those  superincumbent,  are  heated,  and  they  con- 
vey the  heat  hx  into  the  rock,  and  produce  metamorphism.  In  this 
way  he  explains  how  certain  soft  clays  have  been  changed  to  a  bluish 
dhert 

These  heated  waters  would,  as  Dana  remarks,  contain  much  silica 
in  solution  which  they  have  taken  from  the  siliceous  materials  at 
hand.  So  that  any  addition  of  this  substance  to  the  metamorphosed 
rook  \B  satisfactorily  accounted  for. 

The  patchy  nature  of  the  metamorphism,  which  is  not  due  to 
denudation,  although  the  beds  have  suffered  considerable  erosion, 
may  be  partly  accounted  for  by  local  igneous  protrusion,  partly  by 
the  facts  that  metamorphism  is  greatly  influenced  by  mineral  cha- 
racter, so  that  sets  of  beds  which  are  altered  and  not  altered  in  turn 
have  been  observed.' 

In  introducing  such  theoretical  notions  to  explain  the  origin  of 
the  metamorphism  of  these  Secondary  beds,  in  the  area  to  which 
they  have  been  applied,  little  else  but  negative  evidence  can  be  ad- 
duoed  in  their  support;  the  only  ap(dogy  that  can  be  made  for  such 
temerity  is  that  in  so  doing,  we  have  endeavoured  to  show  how 
much  still  remains  to  be  done  in  elucidating  the  geological  history 
sven  of  a  district  so  much  studied  as  the  Mendip  Hills. 

*  Mem.  GeoL  Survey,  toI.  i.,  p.  297. 

'  American  Journal  of  Science,  vol.  xlv. 

*  A  great  many  valuable  facts  relating  to  metamoiphinn  have  been  brought 
together  in  a  paper  by  Dr.  J.  J.  Bigsby,  isklin.  New  Phil.  Joum.,  new  serifls,  April, 
1868. 
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Y. — Further  Bemarks  on  the  Sbquengb  or  thb  Glacial  BdCw 

By  Seables  Y.  Wood,  Jul,  F.G.S. 

THE  paper  of  Mr.  Hull,  <<  On  the  (General  Relations  of  tlie  Drift 
Deposits  of  Ixoland  to  those  of  Oreat  Britain,"  in  the  Jolj 
number  of  the  Geological  Magazine,  induces  me  to  recur  to  oie  liy 
myself  on  the  Sequence  of  the  Olacial  Beds,  Vol.  TIL  p.  17  of  tb 
same  Magazine. 

In  that  paper  I  adverted  to  what  seemed  to  me  to  be  illusorjii 
the  classification  of  the  Gladal  beds,  viz.,  the  intercalation  ef  i 
formation  of  sand  or  gravel  between  an  under  and  an  overiying 
Bouliler-clay  (Vol.  VII.  p.  20,  foot-note) ;  and  I  endeavoured  to 
show  that,  though  to  be  received  with  due  care,  the  evidenoe  of 
organic  remains  should  have  its  weight,  and  go  hand  in  hand  wi& 
the  physical  evidence  in  this  classification ;  and  attention  was  callei 
to  the  antagonism  that  seemed  to  exist  between  the  molluscan  evi- 
dence afforded  by  the  Middle  Sands  of  the  North-west  of  £ng^ 
and  that  afforded  by  the  Middle  Sands  of  the  East.  Since  then  tbif 
antagonism  has  come  out  more  distinctly ;  for  while  Mr.  Harmer 
and  I  have  made  considerable  additions  to  the  fauna  of  the  Middle 
Glacial  Sands  of  East  Anglia,  the  former  took  the  opportunity,  when 
attending  the  British  Association  Meeting  in  1870,  of  collecting  from 
the  Middle  Sands  of  Blackpool  Cliff;  and  Mr.  T.  M'K.  Hughes  (who 
sent  1110  all  he  could  collect)  has  tried  to  obtain  the  same  molluscu 
ovidc'iico  at  St.  Asaph ;  do>\Ti  to  which  place,  and  over  the  northern 
portion  of  Wales,  it  would  seem  (from  the  observations  of  Mr. 
lluglies  around  St  Asaph,  and  of  Mr.  H.  F.  Hall  about  Llandudnol 
the  Lnnoashire  arrangement  of  an  Upper  and  Lower  Bouldar-dav, 
divided  more  or  less  by  sand,  prevails. 

In  the  paper  referred  to,  1  ventured  to  suggest  with  some  con- 
fulence  thai  a  pamllelism  might  perhaps  be  found  between  the  fauna 
of  the  East  Anglian  sands  and  tliat  of  the  so-called  Crag  gravels  of 
Abordoenshiro,  described  by  Prof.  Jamioson ;  but  this  also  has  failed, 
as  Prof.  Jnuiieson  kindly  sent  the  specimens  he  had  obtained  up  to 
nic  tor  examination  ;  and  they  proved  to  be  derivatives  in  the  gravels 
in  cpKistion,  many  of  them  being  filled  with  a  matrix  foreign  to  this 
gravel,  which  had  been  rolled  with  the  shells  prior  to  their  deposit 
in  it ;  and  although  they  clearly  showed  that  some  bed  of  Crag,  or. 
more  probably,  of  very  early  Glacial  age,  had  existed  in  the  North- 
east (^f  Scotland  (and  been  destroyed  probably  by  the  ice-grind  of 
some  later  Glacial  epoch),  yet  they  threw  no  light  on  the  relation  of 
tlie  Aberdeenshire  gmvel  to  the  East  Anglian  Mid-glacial. 

Last  year  Mr.  Harmer  and  I  made  a  superficial  examination  of  the 
Glacial  beds  from  Yorkshire  (which  was  the  northernmost  limit  to 
which  our  field  knowledge  of  those  beds  previously  extended)  as  far 
north  as  Inverness  and  Cromarty ;  and  the  conclusion  we  came  to  was 
that  these  so-called  Crag  gravels  of  Aberdeensliiro  were  but  a  part 
of  the  great  expansion  of  Bonlder-bearing  sand  and  gravel  which, 
overlapping  (and  about  Inverness  resting  on)  the  Red  Boulder-clay 
of  Cromarty,  occupies  a  great  part  of  the  maritime  borders  of  the 
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oonnties  of  InvemeBS,  Nairn,  Moray,  Banff,  and  Aberdeen,  on  the 
North-east  of  Scotland,  and  penetrates  the  Highland  valleys  in  all 
directions,  down  to  Perthshire  and  to  Ai^llshire  on  the  West ;  in- 
osonlating  with  and  passing  into  the  gritty  obscurely  stratified  (and 
sometimes  imstratified)  Boulder  Drift  of  Uie  mountain  region ;  and 
that  their  overlay  on  the  Aberdeenshire  coast  by  red  clay — a  feature 
which  we  did  not  detect  throughout  the  mountain  districts — ^is  pro- 
bably one  of  those  peculiarities  which  seem  to  us  incidental  to 
Glacial  deposits,  without  possessing  any  classificatory  value.  These 
Highland  sands  seemed  to  us  to  be  probably  the  same  as  those 
alternating  with  days  at  GNunrie,  on  the  Bsmffshire  coast,  which 
yielded  Mr.  Prestwich  some  shells  that  were  all  of  living  species, 
and  were  described  by  him  in  the  Transactions  of  the  Greological 
Society  upwards  of  thirty  years  ago  ;^  all  these  sands,  etc.,  appearing 
to  Mr.  Harmer  and  myself  to  belong  to  the  latest  part  of  the  Glacial 
sequence,  and  to  have  been  accumulated  after  the  land-ice  had  dis- 
appeared from  Britain,  and  when  the  mountain  districts  of  Scotland 
and  Wales  formed  a  snow-clad  archipelago  of  mountain  tops  which 
was  beset  with  floe  ice ;  and  it  is  to  the  same  period,  I  think,  that 
the  sands  of  Moel  Tryfaen,  and  those  at  high  elevations  (and  pos- 
sibly those  also  at  low  elevations  that  intervene  between  Boulder- 
days)  in  the  North-west  of  England  and  Wales,  bdong. 

Mr.  Binney  adheres  to  the  opinion  originally  advanced  by  him, 
that  although  sand  extensively  intervenes  between  Boulder-clay  in 
Lancashire,  that  arrangement  is  not  structural,  but  accidental ;  and 
he  has  recently  published  some  notices  of  borings  to  corroborate  this 
view.  The  same  opinion  is  entertained  by  Mr.  Borne,  Mr.  Harmer, 
and  myself,  respecting  the  sand  and  gravel  beds  in  the  Purple-clay 
of  Yorkshire ;  and  Mr.  J.  W.  Judd  (late  of  the  Geological  Survey), 
who  has  quite  recently  been  at  work  in  the  counties  of  Lincoln, 
Butland,  and  Leicester,  also  tells  me  that  the  sands  and  gravels  in 
those  counties  pass  horizontally  into  Boulder-clay ;  and  he  repudiates 
altogether  any  classification  based  upon  the  alternation  of  Boulder- 
clay  with  sand;  while  Mr.  Wilson's  description  of  the  drift  about 
Rugby  (Quart.  Joum.  Geol.  Sodety,  vol.  xxvi.  p.  192)  seems  to 
suggest  a  similar  conclusion. 

ITnder  these  circumstances,  I  should  have  begun  to  entertain  a 
doubt  of  the  propriety  of  the  classification  of  the  Glacial  beds  into 
Lower,  Middle,  and  Upper,  which  I  have  for  some  years  been  en- 
deavouring to  substantiate,  were  it  not  for  the  distinct  evidence  of 
this  division  upon  far  more  striking  grounds  than  the  intervention  of 
sand  between  Boulder-clays,  which  the  Survey  of  Essex,  Suffolk,  and 
Norfolk,  made  by  Mr.  Harmer  and  myself  (now,  I  am  glad  to  say, 
almost  finished),  has  led  us ;  for  this  Survey  has  shown  us  that  the 
Lower  Glacial  formation  of  East  Anglia  (which  is  mainly  not  Boulder- 
day  at  all)  was,  prior  to  the  accumulation  of  the  sands  and  gravels, 
which  we  term  Middle  Glacial,  enormously  denuded  and  swept 
away,  the  part  remaining  being  furrowed  into  valleys,  some  of  them 

1  More  shells  from  this  locality  haTe  heen  since  ohtained,  and  are  given  in  Prof. 
Jamieson's  lists. 
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150  feet  deep,  which,  then  had  their  inoeption,  and  down  into  whidi 
these  sands  and  the  sabseqoent  great  Chalky  Bonlder-^slaj  of  die 
Eastern  and  Midland  Counties  have  gone. 

As  this  denudation  seems  to  us  to  have  been  dne,  not  to  an  elen- 
tion  of  the  Lower  Glacial  sea-bottom,  but  to  an  extension  of  dia 
land-ico  over  it,  by  increment  of  cold ;  and  the  aooomnlation  of  dia 
Middle  Glacial  sands  in  these  troughs,  and  generaUy  orer  dis 
denuded  area,  to  have  been  permitted  by  a  melting  back  of  this  ice 
(due  either  to  a  material  increase  in  subsidence,  or  else  to  an  aug- 
mentation of  temperature),  the  deposit  of  these  sands  seems  to  as 
to  mark  a  great  change  in  the  conditions  of  North-western  Europe, 
which  is  worthy  of  a  distinctive  i^ypellation;  and  we  cannot^  we  think, 
better  make  this  than  by  preserving  the  appellation  I  have  for  sevenl 
years  past  applied  to  it,  of  ''  Mid-glaciid,"  while,  at  the  same  time, 
rejecting  any  classification  based  merely  upon  the  interrention  of 
sand  or  gravel  between  Boulder-clays. 

Further,  I  may  add,  that  though  we  do  not  venture  to  assert  its 
absence,  yet  we  cannot  at  present  see  anything  indicating  that  the 
Lower  Glacial  formation  of  East  An^ia  is  represented  elsewhere  in 
the  British  Islands ;  and  although  we  repudiate  the  hypothesis  of 
the  foimation  of  either  the  Scotch  or  the  North  of  England  Boulder- 
clay  ou  a  terrestrial  surface,  believing  it  to  be  all  of  submarine 
deposit  (though  produced  by  land-ioe),  yet,  for  the  purpose  of 
coiitnisting  the  Lower  Boulder-day  of  Mr.  Hull's  tabular  classifi- 
cation wiih  the  East  Anglian  beds.,  let  this  be  admitted ;  and 
tlien  see  how  the  two  sides  of  England  would  agree.  Mr.  Hull 
describes  bis  lower  division,  tliat  of  the  Lower  Boulder-clay  of 
Scotlaiul,  of  the  North  of  England,  and  a  large  portion  of  Ireland, 
as  of  the  period  of  greatest  elevation ;  portions  of  existing  seas 
being  then  land,  and  covered  by  ice;  but  it  is  apparent  to  even 
a  cusuul  observer  that  tlio  pebbly  sands  (containing  Mya  truncata, 
witli  its  valves  united  and  in  vertical  position,  as  it  lived),  the 
stratified  Till,  and  overlying  contorted  drift,  which  Mr.  Harmer 
and  I  group  together  under  the  term  Lower  Glacial,  and  which  are 
exposed  in  a  section  of  twenty-two  miles'  length  along  the  Cromer 
Coast,  were  there  accumulated  under  the  sea;  since,  where  not 
contorted,  even  the  contorted  drift  is  finely  stratified,  and  con- 
tains marine  shells,^  and  where  contorted  presents  clear  evidence, 
fi-oni  the  included  masses  of  marl  almost  invariably  assoc-iated 
with  the  contortions,  of  having  been  a  sea-bottom  ploughed  up  by 
grounding  bergs,  which  brought  and  left  in  the  contorted  mud 
masses  of  an  entirely  difierent  material,  viz.,  marl  or  ground-up 
clialk.  Such  evidences  appear  to  Mr.  Harmer  and  myself  to  n^ative 
the  possibility  of  England  at  that  time  standing  even  at  so  high,  far 
less  a  higher,  level  than  the  present.  We  obtain  evidence,  first  in 
the  fluvio-marine  fauna  of  the  pebbly  sand  forming  the  base  of  the 
Lower  Glacial  formation — a  fauna  showing  a  very  slight  departure 
from  that  of  the  Upper  Crag  beds,  on  whose  denuded  surfaces  this 

*  From  the  centre  of  one  of  these  contortiona,  Mr.  Hannar  and  I  look  a  perfect 
'     of  TeUitM  Balihica, 
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pebMy  aand  repoaea — and  after- 
w&rds  in  the  deeper  water  deposit 
of  contoTt«d  drift  which  forxos  the 
top  of  the  Lower  Qlaoial  fbrnoation, 
that  oa  the  East  side  of  England 
the  period  of  the  Crag  wm  fol- 
lowed, and  the  Glaoial  period  was 
ooDunenoed,  not  by  an  elevation, 
bntby  agradoal  anbaideoce;  wbicti 
first  giving  riae  to  a  littoral  and 
flnvio-marine  deposit  of  rolled 
pebbles  and  sand,  was  rapidly 
■Booeeded  by  a  snbmergenoe  saffi- 
oient  to  float  berga  over  the  area 
previously  oooopied  by  these  pebbly 
auids.  The  extent  to  whioh  that 
mibsidenoe  reoohed  before  the  de- 
nuding land-ioe  to  which  I  have 
adverted  poshed  over  this  sea- 
bottom,  may  be  approximately 
inferred  from  the  oiraumatanoa 
dtat  oue  of  theae  intruded  marl 
maaaes  (immediately  North-west  of 
Woman  Hythe)  ia  800  feet  and 
upwards  in  length,  and  €0  in 
height,  and  has  been  so  tranquilly 
intruded  into  the  contorted  drift, 
that  it  has  sunk  dirough  it  down  to 
Uie  fondameutal  Chalk,  squeeetng 
out  the  stratified  beds  on  either 
hand.  It  must  be  obvious  that  in 
order  to  float  a  bei^  adequate  to 
■uoh  a  marl-freight  as  this,  many 
bnndred  feet  of  water  is  neoessary. 
The  oooampanying  section  of  three 
miles  of  the  Cromer  Cliff  will 
■how  the  position  of  these  beds,  of 
aome  of  ttie  inoluded  marl  maaaes, 
aud  in  particular  of  this  enormous 
transported  mass,  of  whioh  thei« 
are,  inland  from  thin  olifi',  many 
examples  to  rival  it,  in  whiidi 
lime-kilns  and  marl-pits  are  woiked 
over  North-eaat  Norfolk. 

In  order  to  call  the  attention  of 
tbe  Qeologiats  of  Lanoashire  to 
the  divei^enoe  of  the  fannss,  Hr. 
Harmer  and  I  read  a  paper  at  the 
Kitish  Association  in  1870,  point- 
ing out  the  facts  as  far  as  then 
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obtained.  As  some  additioas  to  tbb  fauna  have  sinoe  been  made, 
and  in  order  to  render  the  particulars  of  it  better  known,  it  may  be 
useful  to  enumerate  the  satisfactorily  identified  speoimena  here; 
omitting  several  others  to  whose  identification  any  nnoertainty  is, 
from  their  imperfect  condition,  attached.^  CyprcBa  EwropoRa^  Bwcamm 
undatum,  var.  tenerum,  Trophon  murieatui,  T,  anHqtuu  (dextral  fonn), 
T,  scalarifomUs,  two  new  small  species  of  Trophon^  Pmrpura  lopiSiu, 
ditto  var.  incrassatay  NcLsaa  ineroBsaia,  N.  granvicUa,  and  a  new  Cng 
species  of  NcLsaa  not  yet  named,  MangeUa  iwrrievla,  M,  Unearis,  and 
a  new  Crag  species  of  MangeUa  not  yet  named,  Natica  dausa,  N, 
hdicoides,  N,  Alderi,  Scalaria  Trevdyana,  S.  Orofdandiea,  2\arritdta 
inerassata,  T.  terebra,  Cerithiwn  iricinetum,  Cerithiopsis  tuberculari$t 
Chemnitzia  intemodvla,  Odoaiomia  unideniaia,  Biaaoa  semicostata  (of 
Woodward,  nonMont.),  Littorina  Uttorea,  L-rvdh,  Margarita  vndvlaia, 
Trochus  cinerariu8y  -Captdus  Ungarieus,  Teettira  fidva,  CalyptnEa 
sinensis^  Dentalium  derUale,  Anomia  ephippitan,  ditto  var.  aeuleata,  A 
striata,  Pecten  operctdariSy  P.  puno,  P.  varius,  Myiilus  edvXis,  Pectin- 
cuius  glycimeriSy  Limopsis  pygmcsa,  Nucula  Cohboldiay  N.  tenuis,  Ltda 
ohUmgoideSy  L,  lanceolata,  Cardium  edtde,  Cardita  sealaris,  €•  eorhist 
Loripes  lacteuSy  L.  divaricatus,  Ludna  horealis,  Woodia  digitariOy 
Astarfe  horealisy  A.  sulcatay  A.  eompressay  A.  Burtinii,  A.  Omaliiy 
Erycinella  ovalisy  a  new  Crag  species  of  Lasea  not  yet  named, 
Montacuta  hidentatay  Cytherea  rudiSy  Cyprina  /alondtca,  FaiM 
fiuctuosay  F.  fasciatay  V.  ovatay  TdUfM  obUqua,  T.  ealcarea,  T, 
Balthicn,  T,  crassa,  Scrohicidaria  piperatay  Mactra  ovata,  Panopaa 
Norvegica,  My  a  arenariay  Saxicava  arctica  (smooth  small  form),  Solen 
ensisy  Pholas  crispata,  Corhula  nucleus y  C.  contracta  (Say.),  and 
Pandora  ina^quivalvis.  Of  these  the  new  Trophons,  Nassa,  MangeUa, 
and  Lasetty  Cerithtum  tridnctum,  Bissoa  semicostata  (of  Woodward), 
Nuculn  CobboldiCB  (which  is  very  common),  Astarte  Burtinii,  A, 
Omalii,  Erycinella  oralis y  and  Tellina  obliqnay  are  not  known  living ; 
while  Nassa  gramdata  (if  indeed  it  be  living),  Turritella  inerassata, 
Chemnitzia  intcrnodulay  Dentalium  dentalCy  Limopsis  pygmceay  Cardita 
CorbiSy  Woodia  digitaria,  and  Cytherea  rudis,  are  known  living 
only  in  the  Mediterranean,  the  Azores,  the  Canaries,  or  in  abyssal 
recesses  of  the  Atlantic ;  and  Cardita  scalaris  (as  C.  ventricosa  of 
Gould)  lives  only  on  the  Pacific  Coast  All  of  them,  except  the 
new  Trophons,  Venus  fluctuosay  Tellina  Balthica,  and  Loripes  lacteuSy 
are  shells  of  either  the  Coralline,  Red,  or  Chillesford  Crags. 

Now,  contrasted  with  the  above,  the  only  species  that  I  have 
been  able  (from  papoi-s  of  Mr.  Binnoy,  and  from  the  collecting  of 
Mr.  Hanner  and  of  Mr.  Hughes)  to  ascertain  have  occurred  in  the 
Middle  Sands  of  Lancashire  are  the  following  25  species,  viz., 
Na^sa  rcticulatn,^  Bucdnum  undatum,  Fusus  BamffiuSy^  Aporrhais 
pespelicani,  Murex  erinaceuSy  TurritdJa  terebray  Purpura  lapillus, 
Littorina  littoreay  MangeUa  turrictday  Dentalium  dentate  (or  else  D. 
tarentinum),   Natica  catena?  (rnonilifera)y  Patdla   vulgaris?    Venus 

^  The  specimens  haying  all  hcen  re-examined  in  reference  to  the  forthcoming 
Supplement  of  the  Crag  Mollusca,  one  or  two  names  will  be  found  to  differ  from  thow 
in  the  list  published  in  the  British  Association  Beports,  1870. 
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siriattda^  (gamHa)^  Asiarie  hareaUa,  Artemis  (exoUta'^^)  Mactra 
svbtruncata,  M.  solida,  Cardium  edtde,  C.  ivhercmjUum  ?^  C.  actdea- 
tum?o  Carhula  nwdeue  {inequivalffis),  TeUina  BaUhica,  Psammobia 
FerriBfuia,  Ostrea  edtdis  and  Mytilua  eduUs.  All  of  these  shells 
inhabit  common  ordinary  depths  of  British  or  oontigoous  Arctic  seas, 
and  those  which  have  an  asterisk  placed  against  them  have  not 
occurred  in  the  Crag. 

I  have  not  included  the  shells  from  the  Moel  Tryfaen  or  Maccles- 
field sands  (see  Mr.  Darbyshire's  Article  in  YoL  IL  of  this  Mag., 
p.  293)  in  the  above  list,  because  it  has  not  been  satis&ctorily  shown 
that  these  sands  are  identical  with  the  Middle  Sands  of  the  Lanca- 
shire Coast;  but  however  that  may  prove,  these  shells,  like  the 
others,  all  inhabit  ordinary  depths  of  British  or  contiguous  Arctic 


1  have  also  carefully  compiled  from  the  best  authorities  I  can 
find,  including  papers  of  Prof.  Jamieeon,  with  lists  of  shells 
identified  by  Mr.  JefiEreys,  and  papers  by  Messrs.  Orosskey  and 
Bobertson*  and  by  Mr.  Peach,  a  list  of  the  mollusca  from  all  the 
Glacial  or  so-called  Glacial  beds  of  Scotland,  including  the  localities 
of  Invemettie,  EUishill,  Ednie,  Anno«hil,  Auchleucries,  Belhelvie 
(all  in  Aberdeenshire),  King  Edward,  and  Gamrie  (both  in  Banfif- 
■hire),  Montrose  (in  Forfarshire),  Enol,  Tyrie,  and  Elie  (in  Fife- 
shire),  Fort  William  (in  Inverness-shire),  the  Kyles  of  Bute,  Dalmuir, 
Loch  Gilp,  Oumbrae,  Paisley,  and  other  localities  on  or  near  the 
Clyde,  and  the  Boulder-clay  of  Caithness.  This  list  comprises  about 
130  species  of  mollusca,  and  the  whole  of  them  are  still  living  at 
ordinary  depths  in  that  part  of  the  ocean  which,  lying  North  of  the 
50th  parallel  of  North  latitude,  is  bounded  by  the  East  coast  of 
America  on  the  one  side,  and  the  North-west  coast  of  Europe  on  the 
other;  while  about  one-fifth  of  them  are  not  found  in  any  part  of  the 
Crag.  How  much  this  fauna  of  130  species  contrasts  with  the  East 
Anglian  Mid-glacial  one  of  80,  especiidly  if  the  Scotch  species  (the 
names  of  which  I  have  not  set  out)  be  considered  with  the  Mid-glacial 
ones  above  named;  and  how  much  it  negatives  the  probability  of  any 
of  the  Scotch  beds  which  yield  moUuscan  remains  (inclusive  of  the 
Caithness  Boulder-clay) '  belonging  to  a  period  as  remote  as  the  East 
Anglian  Mid-glacial,  with  its  Crag-like  fauna,  those  familiar  with  the 
mollusca  of  the  Newer  Tertiaries  and  (so-called)  Post-tertiaries  of 
Britain  will,  I  think,  appreciate. 

I  have  made  efforts  in  various  quarters  to  get  at  the  mollusca  of 
the  Wexford  gravels,  and  so  far  as  I  can  learn  there  is  nothing  from 
these  gravels  to  point  to  any  period  so  ancient  as  the  East  Anglian 
Mid-glacial,  or  even  as  the  Bridlington  bed,  with  the  exoeption  of  a 

^  The  liflts  of  the  late  James  Smith,  of  Jordan  Hill,  are  not,  except  bo  far  as  they 
baye  heen  confirmed  hy  Messrs.  Crosskey  and  RoherUon,  altofi;ether  reliable. 

«  Those  who  (unlike  myself)  beliere  in  Mr.  CrolPs  ice-filled  North  Sea,  and  in  its 
haring  brought  the  shells  of  the  Caithness  Boulder-clay  from  some  anterior  sea- 
bottom  into  that  clay,  will  percdve  that  any  such  sea-bottom,  as  well  as  the  Caithness 
cUt,  must,  from  these  Caithness  shells  belonging  to  the  category  mentioned  in  the 
boar  of  the  paper,  be,  aoeording  to  pai»ontologu»l  probabilities,  newer  than  the  East 
Anglian  Miadle  Glacial. 
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hare  been  formed  beneath  low-water  mark,  either  by  the  gromiding 
of  icebergs,  or  by  the  seaward  prolongation  of  glaciers,  which,  on 
retreating,  left  a  vacant  space,  afterwai^s  filled  up  by  Boulder-clay, 
with  or  without  subsidence  of  the  sea-bottom.  Mr.  Mackintosh 
states^  that ''  one  of  the  fundamental  principles  of  geology"  is,  <'  that 
the  sea  preserves  the  most  delicate  marks  on  rooks  in  areas  of 
deposiHony*  and  accuses  me  of  oveilooking  it,  in  affirming  that  the 
Grange  roche  moutonnee  has  not  been  touched  by  the  sea  since  its 
formation.'  It  appears  to  me,  if  we  assume  these  rocks  to  have 
been  rounded  under  the  sea,  and  the  associated  mounds  to  be  of 
marine  origin,  that  as  they  are  now  abote  the  sea  (and,  in  fact,  above 
Derwentwater),  their  movement  betwixt  land  ana  water  must  have 
been  in  an  upward  direction,  and  that  Mr.  Mackintosh  must,  there- 
fore, prove  another  fundamental  principle  (?)  in  geology,  <'  that  the 
sea  preserves  delicate  marks  on  rocks  in  areas  of  elevation.*^  If  the 
strise  were  made  under  the  sea,  as  they  are  now  above  it,  they 
necessarily,  in  process  of  elevation,  must  have  been  exposed  to  the 
action  of  the  waves  on  the  tidal  or  littoral  zone,  and  when  so  exposed 
must  have  suffered  denudation. 

Mr.  Godwin- Austen,  F.RS.,  has  shown,'  "  that  the  tidal  zone  ^ 
is  capable  of  division  into  two  belts,  an  upper,  composed  of  dean 
shingle,  and  a  lower,  seldom  broken  up,  and  covered  with  sand 
and  mud,  with  various  species  of  plants  and  animals  growing  on  the 
isolated  stones.  He  has  also  shown  that  the  greatest  movements  of 
pebbles  on  a  beach  take  place  on  the  upper  zone,  espedaUy  at  its 
upper  edge.  I  have  generally  found  the  lower  sub-belt  to  commence 
a  Utile  below  neap-tide  high -water  mark,  ending  at  the  lowest  water 
margin,  th&  upper  sub-belt  terminating  at  the  highest  limit  of 
breaker  action.  It  is  along  this  edge,  or  upper  margin,  that  the  sea 
exerts  its  denuding  agency ;  for  in  the  lower  portion  it  merely  causes 
a  movement  of  pebbles,  in  the  direction  of  the  ''  flow-tide,'*  but  in 
the  seaward  sub-belt,  stones  of  only  two  or  three  pounds  weight  will 
remain,  when  the  coast  slopes  at  a  low  angle,  for  weeks  and  even 
months,  in  the  same  position :  delicate  C(m/erv<9,  and  numerous,  but 
slightly  prehensile  marine  organisms,  remain  unscathed,  and  the 
fine  strisa  of  glaciated  stones  and  boulders  retain  the  sharpness 
of  their  sculpturing.  It  follows,  (1)  that  should  a  rock-surface 
be  glaciated  above  the  sea-level,  and  be  afterwards  submerged 
beneath  the  waves,  it  will  necessarily  suffer  denudation  on  passmg 
the  upper  edge  of  the  tidal  or  marginal  zone ;  (2)  should  a  surface 
of  rock  be  glaciated  in  the  lower  belt  of  the  tidal  zone,  say  by 
land-ice,  and  then  submerged,  and  never  again  elevated  to  a 
higher  level,  than  it  had  when  first  glaciated,  it  will  retain  its 
striations  and  smooth  surface;   and   (3),   similarly,  rock-surfaces 

»  Gbol.  Mao.,  Vol.  VIII.,  p.  306. 

>  I(Um^  '<  On  the  Two  OlaciationB,  etc.'* 

*  Quart  Journ.  GeoL  8oc.,  and  "On  the  Valley  of  the  English  Channel/'  toL  tI., 
1860jjp.  69. 

*  The  "littoral  zone"  of  Forbes  and  Andooin,  and  the  ** marginal  zone"  of 
Godwin-Anzten. 
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striated  under  the  sea  by  projeoting  glaciers,  or  by  icebergs,  and 
afterwards  covered  with  marine  drift,  will  retain  their  striations  on 
elevation  above  the  sea,  and  the  glaciated  surface  be  preserved  on 
passing  the  tidal  zone,  provided  they  are  elevated  above  it,  at  a 
greater  rate  than  the  waves  can  denude,  the  precise  thickneas  of 
overlying  and  protecting  Bonlder-driffcs ;  but  this  marine  drift  will 
have  been  deposited  during  either  subsidence  or  entire  cessation 
of  movement  of  the  sea-bottom.  In  Lancashire,  it  is  often  a  great 
thickness.  I  have  had  a  recent  instance,  north  of  Wigan,  of  its 
attaining  a  depth  of  180  feet  in  a  flat  country. 

I,  therefore,  for  these  reasons,  cannot  admit  Mr.  Mackintoah't 
dictum,  "  that  it  is  a  fundamental  principle  in  geology,  that  striaB 
are  preserved  in  areas  of  depression,"  nor  its  converse,  ''  in  areas 
of  elevation ; "  and,  further,  I  believe  that  it  is  the  former  alone, 
almost  without  exception,  that  are  areas  of  dep(mtion  of  true  sedi- 
mentary rocks.  Mr.  Darwin,  F.B.S.,  states  on  this  point,  "I  am 
convinced  that  nearly  all  our  ancient  formations,  which  are  throughout 
the  greater  part  of  their  thickness  rich  in  fossiU,  have  thus  been 
formed  during  subsidence.  Since  publishing  my  views  on  this 
subject  in  1845, 1  have  watched  the  progress  of  (Geology,  and  have 
been  surprised  to  note  how  author  after  author,  in  treating  of  this  or 
that  great  formation,  has  come  to  the  conclusion  that  it  was  accumu- 
lated during  subsidence."  ^  And  he  further  shows  that,  though  vast 
quantities  of  sediment  may  enter  a  sea,  from  muddy  rivers  and 
eroded  coasts,  around  a  rising  continent,  and  littoral  and  sub-littoral 
deposits  may  be  formed,  these  must  be  infallibly  gradually  worn  and 
denuded  away,  as  they  are  successively  brought  up  to  the  action  of 
the  waves  by  the  slow  and  gradual  rise  of  the  land. 

If  the  sands  and  shingle  occurring  between  the  two  marine 
Bouldcr-clays  have  been  deposited  as  sand-banks,  similar  to  those 
now  found  in  the  estuaries  of  rivers,  and  on  coasts  with  small 
soundings, — as  I  have  eudeavoured  to  show  in  my  ^mper  on  the 
"Glacial  Phenomena  of  Western  Lancashire  and  Cheshire,"'  and 
which  Mr.  Mackintosh  does  not  appear  to  question, — it  appears  to  me 
to  be  impossible  that  they  could  have  been  thrown  down,  as  he 
states,  "  during  elevation,"  for  each  sandbank  as  it  rose  would  be 
exposed  to  the  action  of  the  breakers,  and,  at  the  least,  be  denuded  and 
re-deposited  as  a  flat  surface ;  while  everywhere,  from  Carnarvonshire 
to  Cumberland,  I  have  observed  the  surface  of  these  sands  to  have  a 
curved,  flowing  outline,  the  hollows  of  which  have  since  been  filled 
in  with  Upper  Boulder-clay. 

Tlie  observations  of  Mr.  Lament,  F.G.S.,  in  the  seas  of  Spitzbergen, 
on  the  changes  of  direction  in  the  currents  of  the  sea  at  diflerent 
times  of  the  year,  have  an  important  bearing  on  many  of  the 
phenomena  of  the  Glacial  drift.  Thus,  he  shows  that  the  Gulf  Stream 
has  little  or  no  influence  to  the  north  and  east  of  Black  Point 
(Spitzbergen)  and  the  Thousand  Isles,  as  the  ice  is  always  travelling 
south-west,  but  immediately  it  is  driven  psist  that  promontory,  so  as 

1  *'  Origin  of  Species,"  6th  ed.,  pp.  368-9. 
'  Quart.  Journ.  Geol.  Soc,  toL  xxvii. 
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"to  oome  within  the  influence  of  the  Gulf  Stream,  it  is  rapidly 
dissolved,  that  is,  during  June,  July,  August."  After  this  month  the 
arctic  currrent  bears  back  the  remnant  of  the  Oulf  Stream,  and  the 
''polar  ice,  aided  by  the  increasing  cold,  comes  down  in  such 
quantities  as  to  defy  tiie  efforts  of  the  now  vanquished  Gulf  Stream 
to  dissolve  it"  It  sweeps  round  the  coast,  meets  another  polar 
onrrent  from  the  other  side,  and  wraps  the  island  during  the  winter 
in  an  impenetrable  barrier  of  ice.  Eegarding  the  warm  episode  in 
the  Glacial  epoch,  during  which  the  Middle  Sand  was  formed,  as  an 
extended  summer,  it  is  easy  to  explain  the  fact,  that  though  both  of 
ike  Boulder-clays  contain  northern  erratics,  yet  in  the  Middle  Sand 
fossils  and  pebbles  from  the  south  often  occur.  Thus  in  1861 1  found 
in  the  sands  of  Leamington,  in  Warwickshire,  Corals  from  the  Lias 
of  Cheltenham,  Pectens  and  other  fossils  from  the  Bed  Crag,  and  a 
Nautilus  from  the  London  Clay.  And  in  the  neighbourhood  of  Crewe 
Mr.  Taylor,  F.G.S.,  has  recorded  the  presence  of  a  great  number  of 
dhalk  nints,  though  possibly  these,  like  those  from  Blackpool,  may 
oome  from  Antrim. 

In  Lancashire  the  Middle  Sands  are  invariably  current-bedded  to 
the  south-east;  and  as  I  believe  that  they  were  thrown  down  during 
tlie}Zot0-ft'de,  it  follows  that  it  moved  from  the  north-west,  but  in  the 
•oath  it  may  possibly  have  moved  in  the  opposite  direction,  the 
meetang  of  the  tides  being  then  in  Warwickshire,  instead  of  in 
M orecambe  Bay,  as  now.  In  the  Upper  Boulder-clay  the  north-west 
onrrents  no  doubt  moved  nearly  as  far  south  as  the  Thames. 

It  is  dear  from  the  descriptions  of  Drs.  Brown,  Sutherland,  Kane, 
Biok,  and  Lament,  and  other  arctic  travellers,  that  land-ice  can  make 
its  way  for  a  oonsiderable  distance  into  the  sea,  scratching  and 
■triating  the  rock-surface,  and  forming  true  moraine  mounds,  not 
only  in  the  sea,  but  rising  above  it,  forming  islands,  the  sea-margins 
of  which  being  exposed  to  the  waves  will  be  slightly  denuded,  and 
xe-deposited  at  lower  levels;  in  fact^  the  moraine  mound  may  be 
fayced,  so  to  speak,  with  a  marine  deposit,  composed  of  re-assorted 
land-ioe  debris.  And,  further,  that  these  marine  beds  fill  up  and 
render  seas  shallow  in  the  neighbourhood  of  the  embouchure  of  large 
^daciers,  forming  Boulder-clay  similar  to  that  of  the  north-west  of 
BbD^land,  lying  upon  and  graduating  into  moraine  matter,  and 
resting  upon  glaciated  rock-surfaces,  such  as  we  find  in  the  Lake 
~~  iot ;  and  it  is  clear  that,  on  the  retreat  of  the  glacier  and  the 
lidenoe  of  the  sea-bottom,  the  sea-belt  occupying  the  space 
the    moraine  island  and    the  land  would  also   become 

idually  filled  up  with  marine  deposits. 

the  Upper  and  Lower  Boulder-clays,  as  I  have  endeavoured  to 

f  the  included  stones  and  clayey  matrix  are  almost  invariably 

diflEerent  sources,  formations,  and  localities.     In  the  Middle 

on  the  contrary,  the  pebbles  are  composed  of  fragments  of  the 

)aring  and  surrounding    rocks,   and  where  it  rests  on  the 

Boomer-olay,  of  such  erratic  pebbles  as  may  occur  in  that 

at  the  particular  locality. 

Jonm.  GeoL  Soc,  roL  ixni.|  ''On  the  Qlioial  Fhenomena,  etc«' 
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In  the  Till,  or  land-ioe  Lower  Bonlder-claj,  the  matrix  and 
included  fragments  have  often  the  same  origin,  and  the  pebbki 
and  boulders  are  invariably  angular  or  sub-angalar,  glaciated,  and 
scratched,  and  comparatively  looaL^  In  North  Wales  I  have  de- 
scribed it  as  being  eroded,  denuded,  and  overlain  by  the  oidinny 
marine  Lower  Boulder-clay,  but  in  Lancashire  the  latter  is  absrat  il 
high  levels,  and  the  former  does  not  generally  occur  at  low  levek^ 
though  in  going  north  its  level  gradually  descends. 

Mr.  Mackintosh  mentions  a  "  blue  clay"  under  the  Lower 
Boulder-clay,  and  states  that  it  may  be  inferx^  from  the  facts  gi^n 
in  his  eight  papers  that  it  was  formed  in  a  ''shallow  soa  and  denuded 
(if  not  upheaved  and  again  depressed)  before  it  was  overlaid  by  the 
Pinel  " ;  and,  further,  in  his  "  Drift-Deposits  of  the  West  Biding  of 
Yorkshire,"  describes  the  sea  as  acting  at  a  level  principally  between 
300  and  600  feet  above  the  present  sea,  during  a  period  of  snbii- 
dence.  If  this  clay  be  really  marine,  as  he  states,  and  deposited 
when  the  land  stood  at  650  feet  lower  than  at  present,  then  it 
follows  that  the  true  Lower  Boulder-clay,  which  in  Lancashiie, 
Cheshire,  Cumberland,  and  Carnarvonshire,  often  occurs  hdow  the 
present  sea-level,  must  have  been  formed  in  water  of  6oO  feet  depth, 
and  when  the  Lake  District  and  Lancashire  were  submerged  under 
the  sea  to  that  amount.  Unless  it  can  be  proved  that  an  elevaticn  of 
at  least  600  feet  took  place  between  the  depositions  of  the  two  clayii 
of  which  ho  gives  no  proof, — and  as  it  is  clear  that  the  parent  rodu 
from  which  all  erratics  found  in  the  Lower  Bmddor-clay  must  have 
been,  with  the  rarest  exceptions,  above  the  sea-level, — no  Boulders 
should  1)0  found  in  it  that  occur  in  situ  at  an  elevation  of  less  than 
600  feet ;  but  an  examination  of  the  stones  and  boulders  of  the  Lower 
Houlder-clay  of  Lancashire  has  convinced  me,  that  at  loast  eight  to 
ten  per  cent,  are  derived  from  portions  of  hills  to  the  north,  under 
800  feet  in  height. 

I,  therefore,  see  no  reason  to  change  the  opinion,  stat€^d  in  my 
paper  on  the  "  Glacijil  Phenomena  of  Western  Lancashire,  etc.,"* 
tliat  the  Lower  Boulder-clay  was  deposited  when  the  land  forming 
tlio  sea-bottom  was  not  more  than  100  feet  lower  than  at  present, 
and  that  the  niovenient  of  subsidence  continued  during  tlic  Middle 
Sand  period,  so  that  the  shells  found  near  ]^Lacclesfield  at  1200  feet, 
and  on  Mocl  Tryfaen,  are  newer  than  those  of  Blackpool  at  50  feet 
above  the  sea,  by  the  period  of  time  which  the  land  took  to  subside 
that  amount. 

If,  ns  ^Ir.  Mackintosh  states,  these  sands  were  formed  during  an 
elevation,  it  follows  that  the  Moel  Tryfaen  and  Macclesfield  are  older 
than  those  of  Blackpool,  and  that  the  country  was  submerged  twelve 
or  thirteen  hundred  feet  before  the  deposition  of  the  Lower  Boulder- 
clay  ceased,  and  that  of  the  sands  in  the  high  districts  commenced ; 
and  it  therefrom  follows  that  before  the  sands  of  Western  Lancashire 

*  For  my  descriptiona  of  this  clay  in  North  Wales,  see  KaturCj  toI.  ii.,  p.  391 ; 
in  Lancashire,  Quart.  Joum.  Geol.  Soc,  vol.  xxvii. ;  Gbol.  Mao.,  Vol.  YlILt 
pp.  108,  116.  and  310. 

'  Qoart.  Jounu  GeoL  Soo.|  toL  xzyii.,  part  i.,  p.  652. 
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)re  deposited,  the  land  must  have  been  elevated  to  a  level  only  50  feet 
WW  than  at  present  But,  unfortunately  for  that  argument,  the  sands 
Blackpool,  and  all  over  the  North-west  of  England,  are  overlaid 
marine  Upper  Boulder-clay,  at  all  levels  up  to  800  or  1,000  feet 
ove  the  sea.^  If,  therefore,  his  theory  be  true,  the  country  must 
ve  subsided  a  second  time  more  than  a  1,000  feet  for  the  Upper 
»ulder-clay  to  be  deposited,  which  I  at  present  see  no  grounds  for 
pposing. 
Mr.  Mackintosh  takes  exception  to  the  statement  in  my  paper,^  on 

9  ''  Surface  Geology  of  the  Lake  District,"  that  1st,  those  lakes 
liver  as  well  as  receive  their  waters,  and  2nd,  ''that  consider- 
^  the  immense  depths  of  the  lakes,  the  deep  chasms  in  which 
9y  lie,  it  is  impossible  to  say  that  immefnse  quantities  of  detritus  do 
t  lie  concealed  beneath  their  placid  waters,"  in  opposition  to  those 
%t  hold  that  the  limited  excavating  power  of  the  Lake-district  rivers 
8  proved  by  the  small  quantity  of  detritus  they  have  yet  been  able 
deposit."     He  states  that  he  ''  ascertained  from  various  persons, 

10  were  thoroughly  acquainted  with  all  the  ins  and  outs  of  the 
Jce,  that  none  of  the  detritus,  or  sediment  brought  in  by  the  Brathay 
rer,  can  find  its  way  through  the  lake  to  the  sea."  But  I  am  still 
rfectly  unconvinced  of  any  error  in  my  statements;  for  (1)  were 
B  "  various  persons "  competent  judges,  and  (2)  admitting  that 
ey  were,  the  question  to  be  decided  is  not  "  the  ins  and  outs  of  the 
ke,"  but  of  the  quantity  of  matter  held  in  chemical  solution  and 
3chanical  suspension,  and  pushed  along  at  the  bottom  of  the  stream 
the  point  of  outlet;  (3)  that  sediment  is  brought  into  the  lake,  not 
ly  by  the  Brathay,  but  by  other  streams,  and  by  a  portion  of  every 
in-shower  that  falls  upon  the  surrounding  hills ;  that  (4)  granting 
at  a  deep  current  moving  to  the  north  is  generated  by  the  S.W. 
Ind,  this  would  aid  the  movement  of  sediment  in  all  the  lakes 
•rth  of  the  groat  watershed,  including  all  the  chief  lakes  of  the 
strict,  with  the  exception  of  Windermere  and  Coniston  mere ;  and 
at  (6)  though  in  my  paper  in  1869,'  I  took  especial  care  to  point  out 
e  enormous  lacustrine  deposits,  which  no  doubt  exist  at  the  bottom 

these  lakes,  I  cannot  admit,  with  him,  that  even  in  **Lake 
uBtricts,"  that  **  Lacustrine  deposits,  which  have  all  resulted  from 
e  action  of  fresh- water,  afford  the  only  true  measure  of  sub-aerial 
(nudation  since  the  Glacial  period." 

In  the  first  portion  of  his  last  paper  Mr.  Mackintosh  states,  in 
gard  to  Wastdale  Screes,  that  the  'Mdea  at  first  suggested  itself 
at  a  great  stream  of  land -ice  may  once  have  tumbled  over  the 
(Tees  escarpment,  and  smoothed  the  above  rocks  (between  Green- 
le  and  Wastwater)  in  its  passage  across  the  dale.  Mr.  De  Eance 
;8  expressed  a  similar  idea,  but  I  do  not  think  it  can  be  reconciled 
ith  attentive  consideration  of  the  physical  geography  of  the 
Btrict"  But  unfortunately  he  omits  to  give  the  result  of  his  own 
Dsiderations  on  the  subject.  In  his  section,  however  (Fig.  3), 
rough  the  roches  moutonnees,  west  of  the  lake,  he  clearly  shows 

^  Quart.  Journ  Geol.  Soo.  yoI.  xxyU.,  part  i. 
»  Gbol.  Mao.,  Vol.  VI. 

VOL.  Vin.— no.  LXXXVII.  *I1 
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that  the  glacial  agent  came  froni  the  east,  Le,  the  hi^h  gnnmd  of 
Sea  Fell  and  neighhourhood,  and  thus  supports  my  position  hy  the 
evidence  of  a  tract  of  country  which  I  have  not  had  the  opportunity 
of  visiting;  for  it  is  clear  that  the  ice-caBcade,  after  ftdling  over 
the  Screes  and  digging  out  the  deep  eastern  side  of  the  Lake  Wast- 
water  (which,  however,  is  not  shown  in  his  section),  gradually  made 
its  way  westward  to  the  sea,  over  the  various  hills  on  the  other  nda 

In  regard  to  tlie  Boulders  in  Peel  Park,  Salford,  of  which  Me. 
Mackintosh  gives  an  analysis,  it  would  be  interesting  to  know, 
1st,  on  what  principle  they  were  selected  from  the  clay-pits,  etc.; 
and,  2nd,  in  what  manner  the  100  specimens  were  d^osen  frm 
this  selection  ?  For  instance,  if  another  100  specimens  had  ben 
taken,  would  it  also  have  included  one  per  cent  of  Crifiell  granite? 

In  Mr.  Mackintosh's  list  I  notice  a  much  higher  number  of 
granites  and  igneous  rocks  than  in  the  per-centages  of  the  Boulden 
of  the  Manchester  Dift  given  by  Mr.  Binney,  F.R.S.,  and  Prof.  Hull 
F.RS.,  as  shown  in  the  following  table : 

Mk.  BiHirxT.  P&op.  Ramiat. 

Mb.  ICACKiifTOSB.  (Tnns.  Mem.  Lit.  PUL      (friTcn  Iqr  ProC  BA 

Soo.,  ToL  X.,  p.  ISS.)  Mem  on  Oldhot.) 

Fclspathic  Trap  and  Porphyry     60  )         )  ...     39  ) 

Eskdalc  Fell  Granite 19  >  70    Igneous  Books...    V  21     ...1    .  }  4S 

Criffell  Granite  l)  )  ...  j    ** ) 

Silurian  Grit  and  Local  Sand-  Silurians  and  Slates  31     37 

stones 30         (Carboniferous   ...    66*33 17 

\  Now  Red  2'C6 — 

Mr.  Mackintosh  likens  the  conditions  prevailing  during  the 
British  Glacial  epoch  to  those  now  holding  in  Labrador,  but  from 
what  I  have  read  in  the  works  of  my  friend  Prof.  Youle  Hind,  M  A« 
of  Montreal,  the  first  white  man  to  penetrate  its  central  savage 
wilds,  and  from  what  he  told  me  in  flie  beginning  of  last  year.  I 
consider  that  those  conditions  do  not  at  present  nearly  reach  that 
degree  of  glacial  severity  wliich  formerly  existed  in  England; 
conditions  now  only  met  with  in  Greenland,  Spitzbergon,  and  within 
the  Antarctic  circle. 

I  cannot  liore  refrain  from  mentioning  the  observations  of  Mr.  W. 
Bradford,  of  New  York,  the  artist  and  companion  of  Dr.  Haynes. 
who  in  his  recent  lecture  at  the  Royal  Institution,  described  the 
SeiTnitsialik  Glacier  in  Greenland,  wliich  debouches  into  the  sea  at 
the  liead  of  a  fiord  three  miles  and  a  half  in  width,  the  ice  extending 
from  side  to  side,  rising  275  feet  above  the  surface  of  the  sea,  and 
extending  olO  feet  below  it,  resting  on  the  rock  bottom ;  the  glacier 
steadily  rising  inland,  and  joining  the  Mer  de  Glace,  overtopping  the 
hills  on  cither  side  of  it.  The  heat  of  the  rock  melts  the  base  of 
the  ice,  which  flows  out  in  a  stream,  producing  a  current  running 
five  miles  an  hour,  which  makes  the  sea  coloured  and  muddy  for 
a  distance  of  many  miles. 
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first  Meeting.  Edinburgh,  1871.  Papers  Bead  ob  sent  in 
to  be  Bead  in  Section  C.  (Geology.) 

Fretidtnt, — Professor  Archibald  Gukib,  F.R.S.,  F.G.S. 

Address  by  President: — Sketch  of  the  Geology  of  Edinburgh  and 

Neighbourhood. 
J.  ThoiMon,  RG.S.—On  the  Age  of  the  Stratified  Bocks  of  Isla. 
Dr.  J.  Bryee,  RB.S.K,  F.G.iS.— Third  Beport  of  the  Committee  on 

Earthquakes  in  Scotland. 
H.  Woodwardy  F.G.S. — ^Beport  on  Fossil  Crustacea. 
Prof.  W.  C.  Williamson,  F.B.S.— On  the  Structure  of  Dictyoxylon. 
^.  J.  Chrieve — On  the  Position  of  Organic  Bemains  near  Burntisland. 
W.  ChrrtUhera,  F.B.S.— On  the  Vegetable  Contents  of  Masses  of 

Limestone  occurring  in  Trappean  Bocks  in  Fifeshire,  and  the 

conditions  under  which  they  are  preserved. 
W.  FengMf,  FM.S. — Seventh  Beport  on  Kent's  Cavern  Explorations. 
Bev.  W.  S.  SymondSf  F.O.S. — On  the  Contents  of  a  Hy Sana's  Den  on 

the  Great  Doward,  Whitchurch,  Boss,  Herefordshire. 
L,  C.  MiaU — Further  Experiments  and  Bemarks  on  Contortion  of 

Bocks. 
Prof.  Ed.  HuU,  F.B,S.,  and  W.  A.  TraiK— On  the  Belative  Ages  of 

the  Granitic,  Plutonic,  and  Volcanic  Bocks  of   the    Mourne 

Mountains,  Down,  Ireland. 

B.  Daintree — On  the  General  G^logy  of  Queensland. 

Bev.  Dr.  Hume — On  the  Coal-beds  of  Panama,  in  reference  mainly  to 

their  Economic  Importance. 
T.  Moffatf  M.D. — On  Geological  Systems  and  Endemic  Diseases. 
Bev.  J.  F.  Blake,  M.A,,  RG.S. — On  the  Yorkshire  Lias  and  tho 

Distribution  of  its  Ammonites. 
H.  Woodward,  ^.G.S.— Belies  of  the  Carboniferous  and  other  Old 

Land  Surfaces. 
James  Thomson,  F.G.S. — Beport  on  Sections  of  Fossil  Corals. 
Sir  Bichard  Griffith,  Bart.,  F.B.S.^On  the  Boulder  Drift  and  Esker 

Hills  of  Ireland ;  and  likewise  on  the  Position  and  Composition 

of  Erratic  Blocks  in  that  Country. 
Dr,  J.  Murie,  F.G.S.— On  the  Systematic  Position  of  Sivatherium 

giganteum. 
W.  Boyd  Dawkins,   F,B,S. — On  the  Belation   of   the  Quaternary 

Mammalia  to  the  Glacial  Period. 
Prof.  Williamson,  F.B.S. — On  the  Structure  of  Diploxylon,  a  Plant 

of  the  Carboniferous  Bocks. 

C.  Lapworth  and  J.  Wilson — On  the  Silurian  Bocks  of  Selkirk  and 

Boxburgh. 

C.  Lapworth — On  the  Graptolites  of  Gala  Group. 

D.  J.  Brown — On  the  Silurian  Bocks  of  the  South  of  Scotland. 

2>.  J.  Brown — On  the  Upper  Silurian  Bocks  of  the  Pentland  Hills 
and  Lesmahago. 
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John  Henderson — On  the  Age  of  the  Felstones,  Con^lomeratoB,  ud 

Sandstones  of  the  Pentland  Hills. 
Prof.  Dr.  P.  M.  Duncan,  F.B.S.,  -F.G.iS.— Eeport  on  the  British  Foafl 

Prof.   Archibald  Getkie,  F.RS.,  F.O.S.—On  the  Progiess  of  tb 

Geological  Survey  of  Scotland. 

John  Miller,  F.G.S.—On  the  so-called  Hyoid  Plate  of  the  Astmkga. 

P.  W.  Stuart  Menteath — On  the  Origin  of  YolcanoeB. 

Prof  Harhieas,  F.B.S. — To  exhibit  one  of  the  earliest  fbnns  of 
Trilobites. 

H.  Woodward,  F.G.S. — On  a  new  Arachnid  from  the  GoaL-memm 
of  the  Dudley  Coal-field. 

Dr.  Bryce,  F.B.S.E. — Note  on  certain  Fossils  from  the  Dnrine  lime- 
stone, N.-W.  Sutherland. 

Bev.  W.  S,  Symonds,  F.G.S. — ^To  exhibit  a  new  Onohus  Spine  froB 
the  Lower  Old  Bed  Sandstone  of  Hay,  Breoonshire. 

Professor  Traquair — Additions  to  the  Fossil  Vertebrate  Faima  d 
Burdiehousc,  near  Edinburgh. 

C.  W.  Peach. — Additions  to  the  List  of  Fossils  and  Looalities  of  the 

Carboniferous  Formation  in  and  around  Edinburgh. 

D.  Grieve — ^Fossiliferous  Strata  at  Lochend,  near  Edinburgh. 

W.  Milne  Home — Notice  of  a  Scheme  for  the  Conservation  of  Bemaii- 
able  Boulders  in  Scotland,  and  for  the  Lidioation  of  their 
Position  on  Maps. 

Bev.  J.  Guun,  F.G.S. — On  the  Agency  of  the  Alternate  Elevation  and 
Subsidence  of  the  Land  in  the  formation  of  Bouldor-clay  and 
Glaciers,  and  tlie  Excavation  of  Valleys  and  Bays. 

J.  E.  Taylor — On  the  Later  Crag  Deposits  of  Norfolk  and  Suffolk. 

I/Abbc  Bi chard — On  Hydrogeology  (in  French). 

W.  ^'.  Mitchell,  M.A.,  F.G.S.— Leaf -heda  of  the  Lower  Bagshot 
Series. 

B.  27.  Scotty  M.A.,  F.B.S. — Mcsozoio  Deposits  of  Ombiak,  Nortli 
Greenland. 

Bohert  Brown,  Ph.D. — On  the  Geology  of  the  Noursoak  PeninsuLi 
and  Disco  Island  in  North  Greenland. 

W.  S.  Mitchell.  M.A.y  F.G.S. — Some  further  remarks  on  the  Denu- 
dation of  the  Bath  Oolite. 

J.  Curry — On  the  general  condition  of  the  Glacial  Epoch,  with 
suggestions  on  tlie  Formation  of  Lake  Basins. 

G.  JJtiak,  F.B.S. — Beport  on  the  Fossil  Elephants  of  Malta. 

%*  The  following  Papers  were  announced,  but  not  read  in  Section  C : 

D.  J.  Brown — Notice  of  a  small  Glacial  Moraine  in  the  Pentland 

Hills. 
G.  A.  Lchour,  F.G.S. — On  the  value  of  Palajontological  evidence  in 

correlating  distant  (so-called)  Contemporaneous  Deposits. 
G.  Maw.  F.G.S. — On  tlie  Geological  Structure  of  the  Atlas  Mountains. 
H.  P.  King — Keniarks  on  Silver  Islet,  Lake  Superior. 
G,  A.  Lehonr,  F.G.S. — On  the  Age  of  the  Coal-bearing  Rocks  of  Chill 
T.  L.  Phipson — On  the  Gold  Ore  of  Nova  Scotia. 
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H. — On  thb  Bblative  Agss  of  the  Granitic,  Plutonic,  and 
Volcanic  Bocks  of  the  Moubne  Mountains  and  Slieve 
Ckoob,  Co.  Down,  Ireland.^ 

By  ProfeflBor  Edwabd  Hull,  F.R.8.  ;   and  William  A.  Tbaill,  B.A.,  of  the 

Geologi(^  Sunrey  of  Ireland. 

AfTEB  remarking  on  the  bold  and  interesidng  physical  features 
of  the  district,  which  in  some  respects  resemble  those  of 
Arran,  and  which  had  already  been  objects  of  investigation  by 
Oriffith,  Berger,  and  Bryce,  the  authors  observed  that  there  were, 
as  in  Arran  itself,  two  varieties  of  granite.  These  had  been  shown 
by  the  Bev.  Professor  Haughton  to  differ  both  in  composition  and 
origin  >  the  soda  granite  of  Slieve  Croob  (consisting  of  quartz,  ortho- 
olase,  and  mica)  being  of  metamorphic  origin,  and  the  potash 
granite  of  Moume  (consisting  of  quartz,  orthoclase,  albite,  and  mica) 
being  irruptive.  The  relative  and  (as  far  as  possible)  the  actual 
ages  of  these  granites  remained  to  be  determined ;  and,  in  the  absence 
of  stratified  deposits  newer  than  the  Lower  Silurian  in  immediate 
contact  with  the  granite,  the  authors  considered  they  had  approxi- 
mately determined  these  points  by  considerations  connected  with 
the  basaltic  and  felstone-pcrphyiy  dykes  by  which  the  district  had, 
on  several  occasions,  been  invaded ;  the  conclusions  thus  derived 
being  that  the  granite  of  Moume  was  newer  than  that  of  Slieve 
Croob  by  a  long  interval  of  geological  time,  and  that  while  the 
former  was  probably  of  Mesozoic,  the  latter  was  of  Palasozoic  age. 

This  distinction  might  be  otherwise  expressed  thus  :  that  the 
metamorphic  granite  of  Slieve  Oroob  was  formed  out  of  the  Lower 
Silurian  Grits  and  Slates  with  which  it  is  associated,  while  the 
granite  of  Moume  was  forcibly  irrupted  amongst  the  Silurian  rocks, 
which  now  inclose  and  surmount  it  in  several  places.  These  differ- 
ences in  manner  of  formation  were  clearly  shown  by  the  effects  of 
the  two  granites  on  the  surrounding  stratified  rocks. 

The  granite  of  Moume  at  its  margin  in  some  places  passes  into 
quartziferous  porphyry,  and  sends  ofi&hoots  of  this  rock  in  the  form 
of  dykes  into  the  surrounding  Silurian  strata,  as  may  be  very  clearly 
determined  by  several  examples  in  the  vicinity  of  Newcastle. 
Hence  the  authors  inferred  that  the  dykes  of  quartz-porphyry  and 
felstone  which  traverse  the  older  granite  of  Slieve  Croob  might  be 
referred  to  the  age  of  the  newer  granite  of  Moume. 

Trap  Dykes, — ^The  trap  rocks  of  the  district  were  classed  minera- 
logicaUy  as  follows  : — 

(a)  Quartz-porphyries  and  highly  silicated  felstones ;  (&)  Diorites  ; 
{e)  Basalts  or  Dolerites  of  two  ages. 

Considered  with  reference  to  relative  ages  of  formation,  the 
following  was  the  order  of  succession  : —    . 

(1.)  Older  Basalts  and  Doleriie  Dykes, — ^These  form  by  far  the  most 
numerous  of  all  the  trap  rocks  of  the  district,  occurring  in  great 
numbers  along  the  coast  south  of  Newcastle,  and  amongst  the  in- 

•    1  Communicated  to  Section  C,  British  Aflsociation,  Edinburgh,  with  the  sanction  of 
the  Director-Qeneral  of  the  Qeological  Surrey.  ^ 
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terior  of  the  Mouruo  mountains,  as  at  Slieve  Mnok  and  Pigeon  Bod 

Mountain  and  others. 

Their  age  with  reference  to  the  granite  of  Moame  wssplsoed 
beyond  question  by  a  large  number  of  examples  in  which  then 
dykes,  after  traversing  the  Silurian  rocks,  are  abznptly  terminitfld 
at  the  margin  of  the  granite,  evincing  a  higher  antiquity  than  iht 
granite  itself.* 

These  older  basalts  were  found  to  traverse  the  Silnrian  rocb  in 
well-formed  dykes  within  vertical  (or  nearly  vertical)  walls,  and 
are  generally  undistinguishable  from  those  of  newer  Tertiary  age. 
Sliced  specimens  showed  under  the  microscope  the  composition  to  be 
augite,  triclinic  felspar,  and  titano-ferrite. 

(2.)  T\\e  next  in  order  of  age  are  the  quartz  porphyries  and  fel- 
Htones,  which  (as  alrcmly  stated)  branch  off  from  the  main  mass  of 
the  Moume  granite,  and  ai*e  unquestionably  of  the  same  age  as  tbe 
granite"  itself,  and  often  strongly  resemble  it  in  its  more  compact  fonn. 

Dykes  of  these  rocks  are  also  found  traversing  the  older  granite 
of  Slieve  Croob.  lliey  consist  of  a  felspathic  base,  with  crystals  of 
felspar  grains  and  cr}'8tal8  of  quartz,  and  sometimes  mica  or  hon- 
lilende  as  accessories  in  small  quantities. 

(3.)  The  diorito  dykes  are  few  in  number :  the  finest  example 
occurring  at  Rostrevor,  where  a  large  dyke  traverses  the  older 
basalt  dykes  cont-nincd  in  the  Silurian  beds.  It  consists  of  a  crystal- 
lino  granular  aggregate  of  reddish  felspar  and  hornblende  well 
developed. 

(4.)  Besides  the  older  basaltic  dykes,  which  are  cut  off  by  the 
j:;r.inite,  there  are  a  few  which  tmverse  both  the  Silurian  rocks  and 
the  granite  of  Monrne  itself.  These  are,  therefore,  newer  than  those 
previously  described. 

In  general  aspect  there  is  no  decided  difference  between  the  older 
and  newor  basaltic  dykes  ;  they  have  all  the  external  appeanmce  of 
the  Tertiaiy  dykes  which  abound  along  the  margin  of  the  biisaltic 
j)lateau  of  Antrim,  and  in  the  west  of  Scotland  ;  and  had  it  not  been 
for  their  different  relations  to  the  Mourne  granite,  they  might  have 
all  been  included  in  the  same  category. 

It  might  have  been  supposed  that  microscopical  examination  would 
show  some  distinction  in  the  basalts  of  these  geological  ages,  but 
recent  investigations  by  Zirkel,  D.  Forl>es,  Allport,  and  others,  tend 
to  show  that  thero  is  no  criterion  of  age  amongst  the  constituents  of 
basalt,  dolerite,  or  melai)hyre ;  and  the  presence  of  olivine — imce 
supposed  to  bo  distinctive  of  Tertiary  basalts — ^has  been  detected 
amongst  those  even  of  Carboniferous  age.'  Nor  can  the  bearing  of 
these  dykes  fonn  any  basis  of  distinction,  as  in  the  Moume  district 
the  older  basaltic  dykes  run  in  all  directions;  the  easterly  and 
westerly  dykes,  however,  api)ear  to  cut  those  bearing  North  and 
South. 

Age  of  the  older  basalts, — The  geological  age  of  tliese  older 

^  Sir  Richard  Griffith  has  informed  one  of  the  authors  that  he  was  already  aware 
of  tliis  fact,  but  had  not  published  his  observations. 
*  Hi.  S.  Allpurt)  Gloloqical  Magazine,  Vol.  YI.,  pp.  116  and  159. 
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basalts  oan  only  be  approximately  determined.  They  are  newer  than 
bhe  Carboniferous  Limestone  whioh  they  are  seen  to  traverse  at 
Dranfield  Point,  Garlingford,  and  elsewhere.  Beoollecting  the  abun- 
3ant  evidences  of  contemporaneoiis  volcanic  action  whioh  the  Car- 
boniferous rocks  of  Scotland  and  the  North  of  England  and  Stafford- 
ihire  present,  the  authors  are  disposed  to  refer  these  older  basalts 
to  the  Carboniferous  period ;  and,  having  regard  to  the  prodigious 
Qumber  of  these  dykes  traversing  the  rocks  at  intervals  along  the 
ix>ast  from  Dundalk  Bay  to  Dundrum  Bay,  they  suggest  the  former 
existence  of  one  or  more  volcanic  vents  in  their  vicinity  during 
later  Carboniferous  times,  such  as  has  been  inferred  to  have  existed 
in  the  vicinity  of  Carlingford  by  Dr.  Haughton.^ 

Sequence  of  Oranitic,  FlutoniCf  and  Volcanic  Bocks  in  the  Moume 
DistricL — The  following  may  be  regarded  as  the  order  of  succession 
of  these  rocks,  with  their  approximate  ages,  in  the  district  north  of 
Oarlingford  Bay,  all  being  more  recent  than  the  age  of  the  Caradoc 
beds  of  the  Silurian  epoch ;  commencing  with  the  oldest  we  have — 

[«}  Metamorphio  Granite  of  Slieve  Croob,  Castlewellan  and  Newxy;  Fre^Carbon- 
iferous :  Post  Silurian, 

Sh)  Older  Basaltic  dykes  of  Moume  and  Carlingford;  Upper  Carbonifenmt, 
e)  Diorite  dykes ;  later  than  the  Carboniferotu. 
ft)  1.  Ormite  of  Moume,  2.  Felstone  and  Porphyry  dykes  penetrating  the  Granite 

of  Slieve  Croob  and  the  older  Basaltic  dykes ;  Fist  Carboniferous, 
[e)  Newer  Basalts  of  Miocene  Tertiary  Age, 

Judging  by  the  comparative  scarceness  of  the  newer  Tertiary  dykes 
in  the  district  of  Mourne,  the  authors  draw  the  conclusion — that 
it  may  be  considered  as  the  southern  limit  of  the  region  affected  by 
the  volcanic  outburst  of  the  Miocene  Period,  which  have  left  such 
grand  monuments  of  active  force  over  the  districts  of  the  north-east 
of  Ireland  and  extending  into  the  Inner  Hebrides;  while,  on  the 
3ther  hand,  it  was  the  seat  of  active  volcanic  energy  during  an 
earlier  period,  which,  in  all  probability,  was  identical  with  the  later 
Carboniferous.  

£11. — On    the    Silubian   Rooks   op   the   Pentland   Hills   and 

Lesmahaoo. 

By  D.  J.  Bbown. 

THE  author  showed  that  in  the  Pentland  Hills  both  the  Wenlock 
and  Ludlow  divisions  of  the  Silurian  Bocks  are  represented, 
and  that  the  Lower  Old  Bed  Sandstone  formed  no  part  of  these  beds. 
Also,  that  these  Pentland  beds  are  not  the  equivalent  of  the  Lesma- 
hago,  but  that  these  latter  are  a  higher  portion  of  the  Ludlow  series 
than  any  found  in  the  Pentland  Hills. 


rV. — On  the  Silubian  Rocks  op  the  South  op  Scotland. 

By  D.  J.  B&owN. 

rthis  paper  the  author  endeavoured  to  show  that  the  Silurian 
rocks  of  the  South  of  Scotland,  as  developed  in  Dumfriesshire 

^  Quart.  Joum.  Geol.  Soo.  vol.  xii.,  p.  193. 
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and  Peehlesliire,  do  not  all  belong  to  one  geolog^oal  epoch,  ai  hai 
been  hitherto  supposed,  but  belong  to  two  different  epochs,  a  lowv 
one  represented  by  the  Moffat  rocks,  well  known  by  their  beds  of 
Anthracite  shales,  and  Graptolites,  and  an  upper  series  of  later  age, 
which  lies  unconformably  on  the  Mo&t  rocks.  These  beds  haTebeet 
long  known  at  Wrae  and  Glencotho,  and  more  recently  at  GmlaahieU 
through  the  exertions  of  Messrs.  Lapworth  and  Wilson. 


Y. — On  the   age   of    the    FeLSTONES,   CoHGLOMBBATSSy    AHD    Sin>- 

STONES  OF  THE  PsNTLAND   HlLLS. 

By  John  Hikdbrson. 

THE  author  described  two  sections  through  these  hills,  and  showed 
that  the  Pentland  Felstones  cut  through,  indoxate,  and  indoie 
angular  fragments  of  rocks  belonging  to  the  upper  portion  of  the 
Lower  Carboniferous  formation,  and  that  the  so-called  Old  Bed 
Conglomerates  contain  limestone  pebbles  indosing  Garbonifenmi 
fossils. 


I. — Intuoduotobt  Text-book  of  Metbobologt.  By  Alkxahdd 
BuciiAN,  M.A.,  F.R.S.E.,  etc.  8vo.  pp.  212.  (Edinburgh  and 
London  :  Blackwood  and  Sons.) 

I'^HE  science  of  the  weather  has  naturally  occupied  attention  from 
tlie  earliest  times,  and  in  the  form  of  proverbs  the  leading  faults 
and  inferences  of  Meteorology  have,  longer  than  those  of  any  other 
science,  been  familiar  to  the  people.  But  not  until  the  invention  of 
meteorological  instniments  in  the  seventeenth  century  could  it  be 
baid  to  rank  as  a  science,  since  which  it  has  made  such  rapid  advances 
that  it  has  tended  as  much  as  an}'  other  science  to  the  benefit  of 
mankind.  That  its  study  has  been  much  neglected,  and  does  not 
form  a  subject  of  general  education,  may  in  some  measure  be  due  to 
the  want  of  a  concise  liand-book,  wherein  the  facts  and  principles  of 
Meteorology  are  stated  in  a  simple  and  connected  form.  If  this  be 
so,  the  little  volume  before  us  will,  we  think,  remove  the  impedi- 
ment ;  it  furnishes  an  excellent  class-book  to  the  student,  while  at 
the  same  time  the  general  reader  will  find  in  it  as  much  information 
as  he  would  desire,  and  this  in  an  attractive  style.  The  author 
describes  the  various  meteorological  instruments,  and  points  out  the 
methods  of  using  them.  The  work  is  illustrated  with  numerous 
woodcuts,  and  with  eight  charts,  showing  the  mean  pressure  of  the 
atmosphere,  the  prevailing  winds,  the  mean  temperature  of  the  earth 
at  different  periods,  etc. 

A  study  of  Meteorology  is  of  great  importance  to  the  geologist,  in 
the  explanations  it  gives  of  the  climates  of  different  regions,  for  the 
causes  which  originate  changes  in  them,  and  the  influence  they  would 
have  in  modifying  the  different  forms  of  life,  are  questions  of  the 
est  interest 
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NBAB  THE   COAST   OF  NOBTH  AmSSICA.      Bt  L.  F.  PoUBTALES.^ 

POUETALES  first  tells  us  of  the  great  share  which  the  Govern- 
ment of  the  United  States  took  in  the  exploration  of  the  deep 
sea  through  the  Coast  Surveys,  which  first  (1844)  were  under  the 
snperintendence  of  the  late  Professor  A.  D.  Bache,  and  during  the 
last  three  years  under  the  direction  of  Prof.  B.  Peirce,  who  gave 
permission  to  the  above  publication.  Pourtales  first  describes  two 
important  instruments,  which  are  used  for  deep-sea  explorations, 
namely,  the  sounding  cups  of  Lieutenants  Stellwagen  and  Sands. 
Each  sounding  is  carefully  put  away  in  bottles,  which  bear  the  date, 
the  longitude,  latitude,  and  the  depth  in  fathoms.  The  number  of 
such  samples  is  already  9,000.  The  undertaking,  which  has  not 
nearly  concluded  its  task,  was  confined  only  to  the  Atlantic  Coast  of 
North  America,  between  Cuba  and  Cape  Cod  in  Massachusetts,  that 
is  to  say,  between  the  20th  and  40th  degrees  of  latitude. 

Pourtales  distinguishes  principally  two  kinds  of  deposits  in  this 
part  of  the  ocean,  namely,  a  siliceous  deposit  and  a  lime  deposit. 
The  first  runs  along  the  coast  from  Cape  Lad  to  Cape  Florida,  the 
latter  as  Coral  lime  occurs  on  the  Coast  of  Cuba  and  off  the  Bahama 
banks,  as  well  as  to  the  South  of  Florida,  and  as  Polythalamia  lime 
in  greater  depths. 

It  is  remarkable  that  the  siliceous  deposits  begin  with  the  cold 
northern  current,  whilst  the  lime  deposits  are  confined  to  the  warm 
southern  current.  It  is  probable,  however,  that  the  organic  life  which 
produced  this  lime  deposit  depends  more  on  the  depths,  than  on  the 
temperature,  which  continues  constant  in  greater  depth,  and  is  inde- 
pendent of  the  temperature  at  the  surface  of  the  sea. 

Somewhat  east  of  Long  Island  we  find  a  muddy  sea-bottom  ;  this 
mud  originated  apparently  from  the  former  extension  of  the  Tertiary 
deposits,  whose  remains  now  form  only  a  few  cliffs  at  scattered 
localities  along  the  Coast  of  Massachusetts.  The  siliceous  deposit 
reaches  as  far  down  as  100  fathoms,  and  slopes  gradually  towards 
the  deeper  parts  of  the  ocean.  It  consists  of  yellow  sand,  and  in 
the  Gulf  of  Mexico  of  pure  white  quartz,  mixed  with  a  few  grains 
of  hornblende  and  felspar,  but  seldom  of  pebbles  of  old  sedimentary 
rocks.  Near  the  Bay  of  New  York  this  sand  is  much  mixed  with 
glauconite  and  casts  of  Polythalamim  ftx)m  the  greensand  of  New 
Jersey.  They  are  easily  seen  with  an  ordinary  magnifying  glass. 
The  region  nearest  the  coast,  of  a  depth  of  from  10  to  12  fathoms, 
affords  only  very  few  and  small  Polysiomella,  owing  to  the  constant 
movement  of  the  water.  The  next  zone  contains  several  species  of 
HiliolidcB,  but  seldom  at  a  depth  of  more  than  40  fathoms. 
Beyond  this  zone  they  are  found,  but  very  rarely.  Truncatulina 
advenay  d'Orb.,  is  not  rare  in  depths  of  ftx)m  25  to  70  fathoms.  In 
this  r^on  begins  the  fourth  zone,  which  reaches  down  to  100 
fathoms,  and  affords   the   larger  types  of  the  Marginulince  and 

>  Fetermaim'8  Mittheilungen,  toL  x?i.,  1870,  zL 
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CrtstellaricB.  In  the  fifth  zone,  in  depths  of  60  fitthoms  and  npwardi, 
the  sand  is  very  much  mixed  with  GlobigeriiuBf  which  in  dq>th8  of 
100  fathoms  become  so  frequent  that  they  actaally  form  the  entire 
mass.  This  continuation  of  zones  shows  the  same  diaraoter  as  fur 
down  as  Cape  Florida.  Limestone  of  Tertiary  age  oocnra  only  st  a 
few  places,  forming  small  banks  and  olifis,  affording  a  suitable 
habitat  to  species  of  corals.  The  neighbourhoods  of  these  hanks 
are  generally  richer  in  fishes.  But  the  small  islands  between  Cape 
Florida  and  Ga|)e  Sable  are  all  formed  by  coral  limestone;  the 
siliceous  bottom  which  begins  at  the  latter  point  is  there  much  mixed 
with  lime  from  the  coral  banks. 

It  is  remarkable  to  observe  how  the  littoral  fauna  changes  with 
the  condition  of  the  sea-bottom.  Many  forms  conunon  to  Qiq  ooast 
of  Candina  di8api)ear  at  Cape  Florida,  and  reappear  at  Cape  SaUe, 
as,  for  instance,  the  oysters,  which  at  florida  are  driven  away  by  the 
West  Indian  Coral-fauna.  The  mud-bottom  contains  only  few 
Outtulina  {Polymorphinm),  whilst  the  lime-bottom  is  exclusively  of 
organic  origin,  consisting  either  of  Corals  or  of  Polyikalavda, 
Ca]>o  Florida  is  the  most  northerly  point  to  which  corals  extend; 
tlio  coral  reef  there  does  not  show  the  same  steep  incline  as  the 
coral  islands  of  the  Pacific,  or  like  the  Bahama  islands  dose  by. 
Between  this  reef  and  the  depth  of  about  100  fathoms,  the  bottom 
consists  only  of  remains  of  shells,  pieces  of  corals  and  such  like, 
showing  rolled  edges.  The  following  semicircular  region,  inclosing 
tlio  former,  called  the  plateau  of  Pourtales,  gradually  deepens  to 
about  300  fathoms ;  it  consists  of  a  hard,  dark-brown  limestone. 
wliose  surface  is  animated  with  corals  and  a  large  fauna  of  all  classes 
of  Invcrtebrata,  Crustacea,  Mollusca  (two  Brachiopoda  and  Vchiia 
Junonia)f  Ecbinoderma,  Ophiura,  Astoria,  Holomacea.  The  sea- 
bottom  near  Cuba  is  also  similar,  but  forms  a  steep  inclination,  whidi 
(at  400  fathoms)  bears  a  faima  totally  different  from  that  nesr 
Florida.  The  steep  banks  of  Bahama  are  covered  with  soft  white 
lime  mud.  The  lime-bottom,  which  consists  almost  entirely  of 
Polytlialamia,  covers  in  greater  depths  tlie  entire  channel  of  Florida. 
Tliis  formation  extends  without  interruption  over  the  whole  bed  of 
the  Gulf-stream  in  the  Gulf  of  Mexico,  is  continued  along  the 
Atlantic  coast  of  America,  and  most  probably  also  extends  over  the 
greater  part  of  the  Atlantic  basin.  The  commonest  genera  met  with 
in  this  deposit  are  Globigerina,  Botalia  cultrata,  in  large  numbers, 
several  TcxtilaritSt  MarginvUna,  etc,  etc.  Besides  these,  small  free 
corals,  Alajnoida,  Ophiura,  Mollusca,  Crustacea,  small  fishes,  eta, 
etc.,  are  found  living  in  these  depths.  Bhizocrinua  lofotenais  was 
often  met  with,  and  was  also  found  near  the  coasts  of  Norway, 
Great  Britain,  and  the  Azores,  always  within  the  reach  of  the  GuH- 
Rtroam.  The  whole  sea-bottom  appears  to  be  covered  with  a  vast 
deposit  of  white  chalk  still  in  formation,  whilst  in  the  littoral  and 
deep-sea  region,  the  corals  and  shells  of  mollusca  afford  material 
for  Oolite  coral  limestone  and  conglomerates. 

Between  Georgia  and  South  Cai*olina,  in  depths  of  from  50  to  100 
fathomS;  almost  at  the  Ame  oi  ^<binAXQaNk>\i  <A  Vk<^  ^Uioeous  and  lime 
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deposits,  a  number  of  isolated  plaoee  i^rere  observed  where  a  deposit 
of  greensand  is  still  going  on. 

Poortales'  researches  include  depths  of  700  fathoms,  with  rich 
£aunas,  others  often  with  very  poor  ones,  which  seems  to  show  that 
the  fauna  is  oertainly  more  influenoed  by  the  condition  of  the  bottom 
than  by  the  depth,  as  the  abundance  of  animal  forms  suddenly 
disappears,  where  stony  bottom  changes  into  Polythalamia  deposits. 
The  animals  live  there  at  a  temperature  of  only  a  few  degrees  above 
zero,  and  with  a  small  amount  of  light  The  oysters,  Annelida  and 
Mollusca,  possess  developed  eyes,  rather  larger  than  their  relations 
of  the  littoral  region. 

One  of  the  most  important  results  of  the  researches  of  the  ex- 
peditions of  1867  and  1868,  is  the  fact  that  the  Corals  and  Echino- 
derma  of  the  deep-sea  region  possess  the  entire  facies  of  the  Tertiary 
and  Cretaceous  faunas.*— -<]I.L.G. 


Bath  Natubal  History  and  Antiquabian  Field-Club. — ^At  a 
meeting  of  this  Club  held  on  the  15th  February,  1871,  the  Rev.  H. 
H.  Winwood,  M.A.,  F.G.S.,  read  a  paper  on  the  Bhaatic  section  at 
Newbridge  Hill,  on  the  new  (Midland)  Railway  between  Bath  and 
Mangotsfield.'  This  section  has  been  noticed  by  Mr.  C.  Moore  in 
his  paper,  **  On  the  Abnormal  Conditions  of  the  Secondary  Deposits 
of  &e  Somersetshire  and  South  Wales  Coal  Basin,"  but  since  his 
observations  were  made  the  banks  have  been  worked  back,  and 
greater  facilities  afforded  for  the  examination  of  these  beds.  The  Rev. 
Mr.  Winwood  has  made  a  careful  section  of  the  beds  exposed  in  this 
outting,  which  include  a  thin  representative  of  the  bone-bod,  the 
black  shales,  the  Cotham  Marble  and  the  White  Lias  of  Rhsatic  age, 
while  resting  upon  these  come  the  Oatrea  and  Angtdatus  beds  of  the 
Lower  Lias,  which  are  mostly  wanting  in  this  neighbourhood,  the 
Lima  and  BucklancU  series,  as  Mr.  Winwood  remarks,  generally 
resting  uneonformably  upon  the  White  Lias.  Numerous  species  of 
fossils  are  mentioned  as  occurring  in  the  beds. 

Oeologioal  Society  op  London. — June  21,  1871. — Joseph  Prest- 
wioh,  Esq.,  F.B.S.,  President,  in  the  Chair.  1.  "  On  some  supposed 
Yegetable  Fossils."     By  WUliam  Carruthers,  Esq.,  F.R.S.,  F.G.S. 

Li  this  paper  the  author  desired  to  record  certain  examples  of 
objects  which  had  been  regarded,  erroneously,  as  vegetable  fossils. 
The  specimens  to  which  he  specially  alluded  were  as  follows : — 
Supposed  fruits  on  which  Q^initz  founded  the  genus  Guilielmites, 
namely,  CarpoUtes  umhonatue,  Stemb.,  and  GmUelmitea  permianus, 
Gein.,  which  the  author  regarded  as  the  result  of  the  presence  of 

•  ^  See  Dr.  Duncan's  remarks  on  a  New  Coral,  Beports  Proceedings  Geol.  Soc. 
June,  Gbol.  Mao.  for  August,  1871,  p.  378. 

*  Published  in  the  Pn^eedings  of  the  Bath  Nat.  Hist,  and  Antiq.  Field-Club, 
▼oL  ii.  no.  2, 1871,  p.  204. 
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fluid  or  gaseous  matter  in  the  rock  when  in  a  plastic  state ;  some 
roundish  bodies,  which,  when  occurring  in  the  Stonesfield  slate, 
have  been  regarded  as'  fossil  fruits,  but  which  the  author  considered 
to  be  the  ova  of  reptiles,  and  of  which  he  described  two  new  forms; 
and  the  flat,  homy  pen  of  a  Cuttlefish  from  the  Purbeok  of  Dorset- 
shire described  by  the  author  as  Teudopsis  Brodiei,  sp.  n. 

Discussion. — Mr.  Seeley  remarked  on  the  compressed  spheroids  found  in  so  mtir 
rocks,  that  there  was  a  difficulty  in  accepting  the  view  of  their  originating  in  flnia 
vesicles,  though  he  was  unable  to  suggest  any  other  theory  by  whi<£  to  aeoonnt  ftr 
them.  He  observed  that  the  eges  from  the  Stonesfield  slate  closely  resemble  tfaoss  of 
birds,  and  that  it  was  of  the  hignest  interest  to  find  such  eggs  in  strata  containing  n 
many  remains  of  omithosaurian  forms,  such  as  Rhamphorhynehu»  and  jPt4r0daetgha, 
of  which  genus  probablv  these  were  the  e^. 

Prof.  Rupert  Jones  fully  recognized  the  ingenious  explanation  of  the  bubble-formed 
limited  slickensides,  that  looked  so  much  like  possible  fossil  fruits,  and  Mr.  Camthen'i 
masterly  treatment  of  the  other  specimens.  But  he  wished  that  the  author  wookl 
take  up  the  subject  exhaustively,  and  define  the  nature  of  other  supposed  regetablt 
fossils,  such  as  the  so-called  fucoids,  Palneoehorda^  Fai/eophytoHt  Oldkamia^  etc.,  maa?, 
if  not  all,  of  which  Prof.  Jones  thought  to  be  due  to  galleries  and  other  tracki  made 
by  Crustaceans. 

Prof.  Ramsay  had  known  many  instances  of  such  blunders  as  these  pointed  omt, 
made,  not  by  experienced  geoloeists,  but  bv  those  unacquainted  with  the  sdenoe. 
Though  he  had  never  regarded  Sie  flattencM  spheroids  as  fossils,  he  was  onable  to 
account  for  their  presence  in  the  clay-beds  of  different  ages. 

Mr.  Hulke  inquired  whether  Mr.  Carruthers  considered  the  limited  sliekensides 
common  in  the  Aimmcridge  shales  as  due  to  gaseous  origin.  He  remarked  oi  ibe 
rarity  of  Pterodactylian  remains  as  compared  with  those  of  other  Sauriana  in  the 
Wealden  beds,  in  which  the  presumed  eggs  of  Ptcrodactyle  were  found. 

Mr.  Seeley  did  not  regard  the  Wealden  egg  as  being  that  of  a  Ptcrodactyle. 

Mr.  Carruthers,  in  reply,  remarked  that  the  local  slickensides  mentioned  by  Mr. 
Hulkc  differed  in  character  from  those  to  which  he  had  referred. 

2.  "  Notes  on  the  Geology  of  part  of  the  County  of  Donegal." 
By  A.  H.  Green,  Esq.,  F.G.S. 

In  this  paper  the  author  described  the  geological  structure  of  the 
country  in  the  neighbourhood  of  the  Errigal  Mountain,  with  the 
view  of  demonstrating  the  occurrence  in  this  district  of  an  inter- 
stratification  with  mica-schist  of  beds  of  rock,  which  can  hardly  be 
distinguished  from  gianite,  the  very  gradual  passage  from  alterna- 
tions of  granitic  gneiss  and  mica-schist  into  granite  alone,  and  the 
marked  traces  of  bedding  and  other  signs  of  stratification  that  appear 
in  the  granite,  to  which  the  author  ascribed  a  metamorphic  origin. 
He  also  noticed  the  marks  of  ice-action  observed  by  him  in  this 
region,  and  referred  especially  to  some  remarkable  fluted  bosses  of 
quartzite,  and  to  the  formation  of  some  small  lakes  by  the  scoopiDg 
action  of  ice. 

Discussion. — Mr.  Forbes  stated  that  none  of  the  facts  of  this  communication  were 
new,  but  he  dissented  altogether  from  the  conclusions  arrived  at  by  the  author  in  re- 
garding these  rocks  as  originally  of  sedimentary  origin,  and  for  the  following  reasons : 
—  (1)  That  this  district  had  been  studied  in  detail  by  Mr.  Scott  and  Prof.  Haughton, 
who  declare  the  rock  to  be  undoubtedly  intrusive,  as  it  not  only  sends  out  veins  into 
the  neighbouring  strata,  but  also  incloses  fragments  of  the  rocks  through  which  it 
has  broken.  (2)  Because  the  author  starts  from  the  idea,  that  if  such  rocks  are 
found  to  lie  conformably  on  beds  of  undoubt<?d  sedimentary  origin,  it  is  a  proof  of 
their  being  themselves  sedimentary  or  stratified, — a  conclusion  which  is  totally  un- 
warranted, since  there  are  innumerable  instances,  not  only  of  beds  of  lava  or  other 
igneous  rocks  being  conformable  to  fossilifcrous  strata,  but  of  their  also  being  found 
intercalated  with  such  beds  even  for  considerable  distances.    (3)  The  strata,  so  &r 
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from  being  proved  by  him  to  be  truly  of  sedimentary  origin,  are  of  a  meet  questionable 
origin,  since  they  are  neither  in  themselves  fossili&rous,  nor  can  they  be  correlated 
wiui  any  containing  fossils  as  proofs  of  true  sedimentary  deposition ;  and  the  descrip- 
tion of  his  section  is  sufficient  to  show  this ;  for  although  it  looks  well  on  paper  on  a 
•oale  of  three  feet  to  the  mile,  the  author  has  so  little  confidence  in  it  that  he  is  not 
even  certain  as  to  whidi  is  the  top  or  bottom  of  the  section  on  which  so  much  generali- 
sation   

any 

specimen  laid  before  the  meeting, 
crystallization-layers,  is  so  weU  developed  as  to  maJ^e  it  appear  exactly  like  a  strati- 
fied rock,  and  even  split  along  these  lines,  and  this,  although  the  product  of  volcanos 
stiU  active  is  found  for  great  distances  both  overlying  conformably  and  intercalated 
between  beds  of  the  Cretaceous  and  Oolite  formations. 

Mr.  Scott  was  unwilling  to  accept  the  section  given  by  the  author  as  satisfactory. 
He  agreed,  however,  as  to  the  bedded  appearance  of  the  (granite,  and  to  the  masses 
lying  in  general  conformably  with  the  lines  of  stratification  of  the  country.  The 
nearest  spot  at  which  fossihferous  rocks  occurred  was  separated  from  the  ocda  de- 
scribed by  the  whole  width  of  the  county  of  Tyrone,  though  some  presumed  Eozoonal 
forms  had  been  found  at  a  less  distance.  He  was  not  prcparMl  to  believe  in  the 
original  absolutely  fused  condition  of  granite,  nor  in  there  being  two  distinct  forms 
unaer  which  it  occurred. 

3.  ''Memoranda  on  the  most  recent  Geological  Changos  of  the 
Bivers  and  Plains  of  Northern  India,  founded  on  accurate  surveys 
and  the  Artesian  well-boring  at  Umballa,  to  show  the  practical 
application  of  Mr.  Login's  theory  of  the  abrading  and  transporting 
power  of  water  to  effect  such  changes."  By  T.  Login,  Esq.,  F.R.S.E. 
Communicated  by  Alfred  Tylor,  Esq.,  F.G.S. 

The  author  commenced  by  referring  to  the  general  conditions  of 
the  surface  of  the  country  under  consideration,  and  to  the  evidence 
afforded  by  it  of  a  great  decrease  in  the  amount  of  rainfall,  and  a 
great  change  in  the  nature  of  the  rivers.  His  object  was  to  show 
that  the  superficial  deposits  of  the  plains  of  India  were  formed  by 
the  action  of  mountain  streams,  the  deposits  being  irregular  trans- 
versely, but  exhibiting  a  uniform  section  longitudinally,  in  a  curve 
which  the  author  believed  to  be  a  true  parabola,  as  indicated  by  Mr. 
Tylor.  The  connexion  of  this  with  the  author's  theory  as  to  the 
transporting  power  of  water  was  indicated.  The  author  edso  showed 
that  the  beds  of  the  large  Indian  rivers  are  rising  rather  than  being 
lowered,  and  pointed  out  that  this  was  in  accordance  with  his  theory. 


DENUDATION  OP  THE  SHROPSHIRE  COAL-FIELD. » 

Sib, — 1  regret  to  find  that  I  have  read  the  passages  contained  in 
Mr.  BandaH's  letter  to  the  Mining  Journal  in  a  sense  which  the  author 
had  not  intended ;  and  I  hope  he  will  acquit  me  of  any  desire 
wilfully  to  misrepresent  his  views.  I  am  well  satisfied  to  find  there 
is  really  no  difference  of  opinion  between  us  on  the  general  question 
whether  the  denudation  took  place  before  or  after  the  main  faults  of 
the  Coal-measures.  Ho  refers,  however,  to  a  local  instance  of  faults 
having  protected  the  Coals  at  Halesfield.  I  think  it  would  help 
forward  the  scientific  inquiry  if  he  would  kindly  furnish  us  witii 
the  data  which  ha^e  led  to  tins  impression^-or  rather  o^uii.Q\i — -^}k^s^ 

1  Gbol.  Mao.,  1871,  Vol.  VUl.,  i^.  ^^^. 
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such  is  the  case  at  Halesfield.  Should  it  be  so,  it  ^vronld  establish  the 
fact  of  there  being  two  systeniB  of  faults  in  point  of  age  affectiog 
the  Coal-measures  in  this  Coal-field,  which  bias  not»  I  think,  been 
pointed  out  by  any  previous  writer  upon  the  sabjeot.  I  had  net 
supposed  that  my  conclusions  were  different  from  those  of  mostodisr 
geologists ;  but  I  have  fallen  into  the  error  of  supposing  that  Mr. 
Bandall  thought  in  any  way  differently  on  the  geneiul  subject  The 
reference,  however,  to  a  local  exception,  is  equally  new  to  me ;  and 
therefore  I  should  be  obliged  for  information  on  the  subject.  It  will 
be  necessary  to  show  that  there  are  faults  in  that  neighbourhood 
which  affect  the  older  Coal-measures,  without  affecting  the  younger, 
which  fill  the  denuded  valley.  I  take  this  opportunity  of  saying 
that  I  am  indebted  entirely  to  Mr.  Scott  for  the  lines  showing  tbs 
denudation  of  the  several  groups  of  Coal-seams  from  near  the  Hem 
pit  northwards.  Danisl  Jones,  F.6.S. 

ON  THE  SUBMERGENCE  OF  THE  WEST  COAST  OF  BRITTANY. 

Sir, — In  connexion  with  Mr.  Lebour's  paper  on  the  submergence 
of  the  western  coast  of  Brittany  (see  above,  p.  300),  and  the  Bct. 
T.  O.  Bonney's  reference  to  M.  Quenault's  book  treating  of  the 
subsidence  of  the  coast  of  Normandy  (see  above,  p.  384),  I  beg  to 
call  your  attention  to  the  elaborate  and  conscientious  collection  of 
'*  physical  and  historical  evidences  of  vast  sinkings  of  land  on  the 
north  and  west  coasts  of  France  and  south-western  coasts  of 
Enj^land  within  the  historical  period,"  by  Mr.  R.  A.  Peacock,  G.£. 
(8vo..  Spon,  London,  18G8.)  Although  the  western  coasts  of 
Brittany  (conipiifiing  Is)  are  not  specially  treated  of,  yet  a  vast 
amount  of  relative  infonnation  is  afforded  by  Mr.  Peacock's  work, 
and  some  of  M.  Quenault's  labours,  alluded  to  by  Mr.  Bonney,  are 
given  in  detail  at  pages  131-133. 

Mr.  Peacock's  "collected  evidences  prove  that  within  the  last 
nineteen  centuries,  and  even  so  late  as  the  beginning  of  the  fifteenth 
century,  largo  tracts  of  land  and  sea-bottom  have  sunk,  even  more 
than  a  hundred  feet  at  some  places,  along  the  coasts  of  Western 
Prussia,  Ilolhind,  and  Belgium,  from  the  Elbe  to  near  Nieui>ort; 
along  the  coasts  of  North  Somerset,  and  of  Devon  and  Cornwall, 
north  and  south ;  in  the  bed  of  the  English  Channel ;  amongst  the 
Channel  Islands ;  along  the  coasts  of  Normandy  and  Brittany,  from 
the  Seine  to  Portrieux ;  on  the  north  coast  of  Brittany,  from  about 
Lannion  to  the  north-west  angle  of  Brittany ;  around  the  Isle  of  Sein, 
on  the  west  of  Brittany  ;  and  probably  also  along  the  French  coast 
in  the  Bay  of  Biscay.  Whilst  possibly  the  land  around  Rochcllc  has 
risen  a  few  feet  since  the  commencement  of  the  twelfth  century." 
(Phil.  Mag.  for  May,  18C9.) — Yours,  etc.,  Eusticus. 

TERRACES    OF    NORWAY.* 

'   Sib, — ^I  have  endeavoured  to  follow  Mr.  Marshall  HalFs  advice 
GsoL.  Mao.,  July).     But  I  found  that  there  wei-e  many  Aardals  in 
y.     I  have  been  to  that  a  little  north  of  Stavanger.     I  found 
of  terraces,  and  my  walk  up  the  valley  ended  at  a  magnificent 


Carreapandence — Colonel  George  Oreentcood.  431 

waterfall.  But  I  believe  that  it  was  called  Hjaa  Fobs.  I  could  not 
hear  of  Mr.  Hall's  Mork  Foss,  so  I  presume  tliat  I  have  been  to  the 
"wrong  Aardal.  fialf  the  bridge  below  Hjaa  Foss  had  been  swept 
away,  which  brought  me  to  a  full  stop.  So  as  I  sat  and  gazed  on 
the  fall,  I  transferred  my  deck-load  of  luncheon  to  the  hold,  and 
then  retraced  a  walk  of  loveliness,  such  as  of  itself  alone  would  have 
repaid  me  for  my  journey  from  here  by  Hull  to  Stavanger. 

In  my  letter  (Gsol.  Mao.,  April)  I  have  agreed  with  all  Professor 
Kjerulf  s  facts,  and  with  all  his  theories,  except  that  I  think  that  the 
level  of  the  terraces  depended,  not  on  the  level  of  permanent  '^  water- 
surfaces,'*  but  on  the  level  at  which  the  river  which  carried  the 
materials  overflowed  on  to  the  land.  I  do  not,  however,  think  with 
the  Professor,  that  we  need  suppose  the  rising  of  the  land  which 
placed  the  marine  terraces  above  the  overflow  of  the  river  to  have 
been  sudden  and  **  with  several  shocks."  As  the  land  rose  gradually, 
the  river  gradually  deepened  its  channel,  and  not  only  ceased  to 
overflow  and  deposit  on  its  Delta,  but  in  floods  cut  away  the  banks 
"which  it  had  formerly  built,  which  it  drove  to  the  hill-side  in  the 
form  of  two  parallel  terraces.  The  existing  slopes  of  the  sides  and 
ends  of  these  terraces,  on  which  the  Professor  founds  his  theory  of 
''  sudden  shocks,"  are  not  the  slopes  at  which  they  rose  from  the  sea 
thousands  or  millions  of  years  ago.  These  slopes  have  been  receding 
from  atmospheric  erosion  during  all  this  period,  and  they  are  receding 
now.  But  they  retain  universally  the  angle  at  which  their  incoherent 
materials  will  rest — an  angle  not  very  unlike  that  taken  by  the 
sands  of  an  hour-glass.  For  these  materials,  like  those  of  the  Scot- 
tish Kames,  the  Irish  Eskers,  and  (query)  of  every  terrace  on  earth, 
are  simply  sand  and  pebbles ;  and  where  they  are  accidentally  bared 
of  herbage,  you  sink  ankle-deep  in  going  up  or  down  the  slopes. 

The  Delta  which  the  river  is  forming  now  at  Aardal  is  not  at  the 
level  of  the  sea,  or  even  of  the  unflooded  river,  but,  like  every 
other  Delta  in  the  world,  above  both.  The  great  universal  mistake 
is  to  suppose  that  Deltas  formed  by  rivers  in  the  sea,  or  in  lakes, 
oease  to  rise  when  they  reach  the  water-level.  Can  any  one  point 
to  a  Delta  at  the  level  of  the  sea  or  of  a  lake  ?  Deltas  universally 
rise  by  overflow  of  the  rivers  above  the  water-level,  and  they  con- 
tinue to  rise  as  long  as  the  laud  and  water  maintain  the  same  relative 
level ;  though  all  Deltas  slope  downward  to  the  end  at  the  water's 
edge.  All  alluvial  flats  formed  on  land  by  the  annual  overflow  of 
rivers  are  just  as  level  as  the  Deltas  which  are  formed  above  the 
sea-level  or  lake-level. 

On  the  new  Delta  at  Aardal  there  are  a  number  of  terraces  at 
different  levels,  and  the  boundary  of  any  one  which  is  not  over- 
flowed by  any  particular  flood  is  swept  by  the  escaping  flood-water. 
Six  terraces  may  be  counted  on  the  left  bank  of  the  river  at  the 
bridges.  These  may  prolmbly,  by  unusually  high  floods,  be  cut  back 
against  the  hill -side  in  the  form  of  one  high  terrace,  and  then  sup- 
posed to  have  been  thrust  up  at  one  "  shock."  The  correspondence 
of  terraces  in  number,  on  opposite  sides  of  the  river,  will  often  vary 
from  this  destruction  of  terraces  by  unusual  floods. 
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As  I  have  said  in  tho  last  chapter  of  "  Bain  and  Biven."  amid  the 
apparently  hopeless  irregularity  in  all  Deltas,  there  is  this  one 
general  tendency ^  that  the  entire  overflow  is  from  a  central  channel  or 
channels,  and  the  entire  escape  of  the  overflow  to  the  sea  is  hy  tlie 
two  side  channels.  These  two  sides  and  the  sea-side  fonn  the 
triangle,  or  Greek  Delta,  from  which  these  formations  receive  their 
name.  Besides  tlie  earlier  deposit  of  the  heaviest  materials,  thif 
side-cKcai>e  of  tho  flood-watur  causes  the  slope  doimward  from 
centre  to  side  of  Delta  deposits.  Inland  deposits  frequently  slope 
the  contrary'  way,  from  side  to  centre.  For  besides  that  the  flood- 
water  has  no  side-escape,  but  returns  to  the  river  over  the  sanu 
suriace  which  it  has  traversed,  the  erosion  of  the  hill-sides  and  of 
old  terraces  tends  to  heap  from  the  side  to  the  centre.  Somotimei, 
however,  channels  are  cut  by  the  return  water.  In  this  case,  a  slope 
from  centre  to  side  may  be  observed  even  in  inland  alluviums. 

Tlic  Kev.  jl^Ir.  Bonncy,  in  your  May  number,  applies  my  theoxy  for 
the  formation  of  inland  terraces  (GxoL.  Mao.,  May,  1867)  to  tlie 
formation  of  marine  terraces,  to  which  it  is  wholly  tnapplicable.  I 
agree  with  that  close  observer  and  accurate  thinker.  Professor 
Kjcrulf,  in  tliinking  that  inland  and  marine  terraces  result  from 
causes  totally  distinct. 

UuuuKWooD  Park,  Alresford,  GeOBOE  GbseNWOOD,   ColoneL 
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vot"  Survirv) ;  I'oiiti. trait  (iruup  (of  Sedgwick).  8.  New  Red  Sandstone; 
(rcnarth:!  0.  r.ia>.  10.  howir  0(.lite.  11.  Middle  Oolite.  12.  Upp^  Oolite. 
13.  AVcaliKii ;  Nroiniuian.  1 1.  (laiilt ;  Upper  Green  Sand;  Chalk  and  Coalk  3brL 
lo.  K«)t'«*ne.  10.  ('rac:.  17.  Alluvium.  18.  Bone  Cavw.  19.  Mctamorphic  (?) 
20.  Jg^nrous. — The  Ma])s  will  be  printed  in  colourdf  riich  Map  exhibiting  onlj  tlw 
r>ingt'  of  one  formation,  and  tlic  names  of  places  on  the  fomiation.  In  some  fev 
cases,  where  it  \s  re(|uiMtr,  as  a  clue  to  the  locality,  to  intnKluec  the  names  of  places 
near,  but  not  on  the  formation,  these  will  bo  printiid  in  a  diireront  type.  The  Maps 
(11 J  in.  bv  9Hn.)  an?  based  <»n  a  photojjraphic  reduction  of  the  last  edition  of  the 
Greenoujifi  Map,  which  is  published  under  the  direction  of  a  Committee  appointed  by 
the  Gei>loi^iL"al  Socifty.  1\\  all  cases  where,  throuj^h  researches  more  recent  than  this 
last  edition,  any  ehanj:»s  have  been  adoptnl  in  the  jrroupinj?  of  the  beds,  this  AiIm 
conforms  with  the  huist  altiratirms.  The  revi-ion  of  the  proofs  of  particular  Maps 
has  been  kindlv  promised  bv  \V.  ftovd  Dawkins,  Ksn.,  M.  A.,  F.R.S.,  W.  Whitaker. 
Esq.,  B..A.,  F.(i.S.,  II.  HaULiman,  Esq.,  F.G.S.,  J.  W.  Judd,  Ksq.,  F.G.S.»  Charle* 
Moore,  £s({.,  F.G.S.,  W.  T.  Avcline,  >^q.,  F.G.S.,  and  others. — Lc-tter-press  will 
uecomnuny  i  aeh  Map.  ^rivin;;  in  a  tabulattHi  form  the  ^uhdivisions  of  the  formations, 
the  oriirin  of  the  names  of  the  «jr«>ups  of  beds,  their  litholoprieal  characters,  thicknes, 
ran/j^,  etc.,  with  a  historical  notice  of  the  various  ehissiti  cat  ions  that  have  been  at 
different  times  emphtyed.  —The  hists  of  Fossils  will  be  arranj^ed  on  a  new  plan, 
showing  in  a  tubulated  form  for  caeh  formation  the  genera  that  tirst  appear,  thoM 
that  last  appear,  and  those  that  are  numerically  abundant  in  that  formation.  Sepiratc 
tables  ffive  the  eharaet eristic  speciL-s.  These  lists  are  prepared  expresslv  tor  this  work 
Stheridge,  Kwi.,  F.K.S.,  F.G.S.,  etc.,  ralroontolojjist  to  Her  Majesty's  Geo- 
lurrey  of  Great  Britain. 
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I. — Ok  ths  Contents  of  a  Hysna's  Dkn  on  tbk  Gbkat  Dowabd, 
Whitchurch,  Robs.' 
By  the  BaT,  W,  S.  Sthonm,  M.A.,  F.O.8.,  of  Pandoek. 
rjlHE  hill  of  ihf,  Great  Doward  rises  above  the  right  bank  of  the 
_L  river  Wye  to  the  N.  W.  of  the  well-known  limestone  escarpment 
of  Symonds  Yat.  The  Beotion  of  the  Great  Doward,  geologically 
ocmsidered,  ia  best  seen  by  ascending  the  hill  from  the  Monmouth 
road,  a  quarter  of  a,  mile  from  the  village  of  Whit«hiiroli.  The  base- 
ment beds  consiat  of  Upper  Old  Bed  Sandstone,  which  thina  out 
considerably  in  ita  Southern  strike  from  the  Brecon  Vans ;  and  we 
pan  upwa^  over  the  Old  Bed  Conglomerate,  and  the  Passage  beds 
of  the  Upper  Yellow  Sandstones,  white  the  hill  itself  is  capped  by 
the  Loner  Limestone  shale  and  the  Carboniferous  Limestone. 


tiotograph.) 

On  the  summit  of  the  Great  Doward  are  the  vestiges  of  an  ancient 
enoampment  known  as  "  King  Arthur's  Hall,"  and  on  its  western 
slope  is  a  cavern  called  "  King  Arthur's  Cave."  A  short  distance 
to  the  westward  is  the  "Little  Doward  Camp,"  where  the  leriiains 
of  an  old  encampment  are  very  conspicuous,  and  where,  according  to 
Gibson's  Camden,  "  broad  arrow-heiuls  have  been  found ; "  and  in  a 
place  which  seemed  to  have  been  arched  over,  nn  almost  entire 
human  skeleton  was  discovered,  "  whose  joints  were  pretended  to  be 
twice  the  length  of  those  of  the  present  rai;e." 

'  Bead  before  the  British  ABMciation,  Edinburgh,  Au^t,  1871. 
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A  remarkablo  feature  in  the  geology  of  the  distriot  is  owing  to ' 
fact  that  the  channel  of  the  Wye  now  runs  between  the  gorge 
Symonds  Yat  and  Whitchurch,  and  cuts  off  the  Doward  fifilli,  i 
Copi)et  Wood  Hill,  which  thus  may  be  said  to  be  outliezi  of  C 
boniferous  Limestone,  from  the  great  mass  of  Carboniferous  itz 
which  constitute  the  area  of  the  Forest  of  Dean.  There  is  evidei 
as  we  shall  see,  that  the  Wye  once  flowed  at  a  mnch  higher  le 
than  now.  For  ages  it  has  been  deepening  its  channel,  and  d 
oragg}'  cliffs  of  Mountain  limestone,  clothed  Tvith  the  foliage 
numerous  trees,  now  rise  high  above  its  waters. 

King  Arthur's  Cave  does  not  open  out  upon  the  river  Wye, 
many  of  the  caves  and  fissures  do  in  the  limestone  escaipmei 
but  opens  at  right  angles  to  the  flow  of  the  river,  and  the  entzii 
looks  towards  Monmouth,  and  the  hill  of  the  Little  Doward  on 
west  Some  years  ago,  when  visiting  this  cave  in  company  wit] 
hermit  cave-dweller  known  as  **  Jack  the  Slipper,"  I  was  struck  n 
the  accumulation  of  cave  earth  in  the  interior,  and  endeavoured 
obtain  leave  to  make  some  excavations,  but  without  success.  In  i 
mean  time  the  site  on  which  this  cave  is  situated  beoame  the  prope 
of  the  Crown ;  and  in  1870,  some  miners  engaged  in  the  seardk 
iron  ore  had  removed  a  good  deal  of  the  surface  soil  and  upper  a 
earth  in  the  interior  of  the  cave.  During  these  ezca^-ations  seve 
fossil  bones  wero  discovered ;  and  a  tooth  of  the  fossil  horse  (Eq^ 
fossil  is)  was  forwarded  to  me  by  Mr.  Fryer,  of  Coleford,  who  ^ 
thus  the  first  person  who  detected  the  existence  of  fossil  bones 
Kbig  Arthur's  Cave.  During  the  summer,  Sir  James  Camph 
visited  the  oxcavations,  and  forwarded  a  number  of  bones  to  Lond 
for  examination  by  Prof.  Owen,  who  at  once  pronounced  them  to 
the  relics  of  Mammoth,  Ehinoceros,  and  Horse;  also,  that  it  n 
evident,  from  the  state  of  the  bones,  that  the  cave  had  been  t 
resort  of  hyaenas,  as  many  had  evidently  been  dragged  in  and  gnawt 
This  information  I  communicated  last  year  at  the  Meeting  of  t 
British  Association  at  Liveri)ool.  It  now  romains  to  state  briei 
what  lias  been  done  in  the  excavations  I  have  superintended  duru 
the  present  summer  of  1871. 

Ilavinj^  ohtained  permission  through  Sir  James  Campbell,  t 
Gavel  lor  of  Dean  Forest,  to  whom  I  am  also  indebted  for  kii 
assistance  in  furthering  the  ex})l()rations,  and  furnished  with  fun 
by  the  Malvern  Field  Club  and  a  few  personal  friends,  we  coi 
menced  operations  on  the  7th  of  June,  and  on  successive  occasioi 
careful  examinations  have  been  carried  on. 

At  our  first  meeting  we  wero  accompanied  by  Mr.  Boyd  Dawkii 
well  known  for  his  osteological  researches ;  and  he  was  soon  enable 
to  detfi-niinc  many  bones,  jaws,  and  teeth  as  they  were  exhum< 
from  the  cave  earth,  and  which  belonged  to  the  great  Carnivores  ii 
Buminantrt  which  once  inhabited  the  comitry  round  the  cave. 

I  soon  found,  however,  that,  owing  to  the  disturbance  of  the  BC 
in  the  interior  of  the  cave  by  miners,   it  would  be  necessary 
institute  a  series  of  excavations  and  cuttings  in  order  to  airive  i 
any  definite  rosult  as  to  the  true  position  of  the  cave  deposits.    1 
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oarrying  out  these  investigations,  I  have  to  thank  Mr.  Ward,  of  Cole- 
ford,  for  his  superintendence  and  assistance;  Mr.  Scobell,  for  his 
oarefiil  search  for  specimens ;  and  Henry  Jones,  the  Woodman  of 
Dean  Forest,  and  the  men  employed  under  him,  for  their  hearty  a)- 
operation  in  my  endeavours  to  arrive  at  a  truthful  determination. 

Having  carefully  examined  the  remotest  oomers  of  the  cave  during 
tlie  last  two  visits  in  July,  I  directed  several  excavations  in  one 
recess  of  the  cave  where  it  appeared  to  us  that  the  dehris  had  been 
little  disturbed.  This  work  had  to  be  carried  on  by  candle  light, 
but  the  investigations  were  as  careful  as  possible,  and  every  barrow- 
full  of  earth  and  debris  was  carefully  examined  by  daylight  at  the 
entrance. 

The  following  is  the  order  of  deposition  of  materials  in  the  cave : 

Ist  Fallen  debris  from  the  roof  which  had  been  shifted,  and  loose 
atalactitic  matter  forming  a  superficial  soil  containing  pottery,  which 
Mr.  John  Evans,  who  has  been  so  good  as  to  examine  the  human 
relics  from  the  cave,  informs  me  is  probably  Roman ;  also  human 
bones  in  a  recent  and  unfossilized  condition.  This  superficial  soil  is 
black  and  peaty,  inconsiderable  in  thickness,  and  at  the  base  of  it 
we  found,  in  the  inner  cave,  a  thin  band  of  decomposed  stalactitio 
matter,  which  had  probably  once  formed  a  thin  stalactitio  floor. 
This  was  the  only  separation  between  the  debris  and  an  upper  cave 
earth;  but  I  have  no  doubt  this  decomposed  stalagmite  was  once 
hard  and  solid  when  more  covered  by  debris. 

2nd.  Cave  Earth,  No.  1. — This  accumulation  of  cave  earth  is,  in 
the  inner  cave,  about  three  feet  in  thickness.  It  contained,  both  in 
the  inner  cave  and  in  the  outer  cave,  near  the  entrance,  flint  flakes 
and  chips,  with  three  human  instruments  of  stone,  and  of  unmistak- 
able character.  These  instruments  are  not  of  flint.  Two  are  of  a 
black  chert,  and  have  evidently  been  formed  from  rolled  pebbles ; 
the  third  is  apparently  manufactured  from  a  pebble  of  some  lower 
Silurian  rock.  The  core  of  chert  from  which  flakes  have  been 
struck,  and  the  pale  grey  instrument,  I  excavated  with  my  own 
hands.  The  core  was  lying  in  close  approximation  to  the  canine 
tooth  of  a  Hyssna.  The  second  cherty  instrument  was  found  by  Mr. 
Soobell  close  to  the  molar  tooth  of  a  young  Mammoth.  The  remains 
of  the  animals  found  in  this  upper  cave  earth  consist  of  the  teeth, 
jaws,  and  bones  of  numerous  Mammalia,  of  which  several  species  are 
altogether  extinct,  and  others  which  no  longer  inhabit  the  continent 
of  Europe.  Thus  we  have,  in  beautifully  perfect  condition,  the  teeth 
and  jaws  of  the  Cave  Lion  {Felis  apelaa),  the  Cave  Bear  (Ursus 
tpelaa),  and  the  Hysana  (Hyaena  apelaa).  With  these  are  remains 
of  the  teeth  and  bones  of  the  Mammoth  {Elephaa  priviigenius),  the 
long-haired  Bhinooeros  of  the  Glacial  period  {Rhinoceros  tichorhinus), 
and  numerous  remains  of  the  fossil  Honte  (Equus/ossilis).  In  tlie 
inner  cave,  below  the  cave  earth  No.  1,  with  bear  and  hyaena  remains, 
and  flint  flakes,  we  found  a  thin  stalactitio  floor  resting  on  a  mass  of 
•tratifled  red  sand  containing  rolled  pebbles,  which  I  believe  to  be  an 
old  river  deposit. 

did.  Old  Biver  Bed, — This  deposit  consists  of  atxObtiGL^^  t^  vg^s^^ 
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and  silt  throe  or  four  feet  in  thickness,  and  out  of  it^  when  digginffi 
trench,  in  order  to  discover  its  physical  position  to  the  caTe  etitk 
Mr.  Scobell  and  myself  picked  up  five  pebbles,  and  Mr.  FittoD  i 
greenstone  pebble,  all  of  which  I  have  preserved  and  exhibit  B 
appears  to  me  that  this  stratified  red  sand  and  silt  oontainiog  ibM 
pebbles  tells  its  own  history  as  the  deposition  of  an  ancnent  Wye. 

It  is  true  the  present  Wye  flows  at  300  feet  below  the  moodi  d 
King  Arthur's  Cave ;  but  those  who  know  anjrthin^  of  the  geolo0 
of  that  river  will  recognize  these  pebbles  as  belonging  to  the  dt  d 
an  ancient  stream  which  had  ita  source,  like  the  present^  in  di 
heights  of  Plynlimmon,  and  flowed  through  the  Liower  Sihm 
rocks  and  interbcildcd  traps  of  Rhayader  and  Builth.  Cvery  one  of 
those  pebbles  out  of  that  red  sandy  deposit  must  have  been  derrved 
from  Silurian  and  Trap  rocks,  which  are  not  to  be  found  m  nH  nnfl 
after  we  have  traversed  the  long  tract  of  Old  Sandstone  throng 
which  the  Wye  passes  between  Coppet  Wood  Hill,  near  Boss,  m 
Trewenie,  above  Hay,  in  Breconshire,  a  distance,  by  the  river,  of  70 
or  80  miles. 

4tli.  Below  this  river  sand  and  pebbles  we  cut  a  section,  showing 
that  the  sand  and  pebbles  rested  upon  a  thick  floor  of  Stalagmite, 
covering  a  second  deposition  of  cave  earth. 

5th.  Cave  Earth,  No,  2. —This  thick  floor  of  Stalagmite,  which 
luidcrlies  the  red  sand,  nearly  misled  us  on  our  first  visits  for  w» 
thought  we  hud  arrived  at  the  limestone  floor  of  the  cave.  On 
breaking  through  it,  however,  we  found  cave  earth  separated  eveiy 
few  fret  ])y  layere,  or  thin  floors,  of  stalagmite.  This  second  cave 
earth  aflbrdeii  many  animal  remains,  and  here  and  there  we  disin- 
ti-rred  sonic  Hint  flakes,  principally  from  the  upper  layers.  Two  of 
these  1  saw  ilisinterrod  mvself  from  below  the  thick  stalactitic  floor. 
No  other  human  relic  was  discovered,  save  a  hone  or  whetstonet 
wliicli  was  thrown  up  by  the  workmen  fn)m  the  deep  pit  in  the 
jnosinoe  of  Mr.  Scobell  just  before  my  arrivjd  on  the  20th  of  July. 
Mr.  Scobell  did  not  see  this  whetstone  in  aitu,  and  the  workmen 
threw  it  out  as  a  piece  of  common  stalagmite.  On  forwartling  this 
fi]>eciinen  to  Mr.  John  Evans,  he  favoured  me  w^ith  the  foUowiDg 
remarks: — **  The  whetstone  has  far  more  the  appearance  of  being 
neolithic  than  j)ala2olithic,  and  is  very  different  from  anything  I  have 
seen  from  the  French  or  English  caves.  It  has  much  the  appear- 
ance of  having  served  for  grinding  the  edge  of  polished  stone  celts. 
Docs  there  seem  any  possibility  of  its  having  been  of  more  recent 
introduction  than  the  teeth  of  hy^na  ?  The  men  who  used  it  can- 
not well  have  Ix'eii  joint  tenants  of  the  cave  with  the  hyrenas,"  In 
rei^ly  to  Mr.  Evans's  question  I  may  say  that  several  persons  alft) 
questioned  the  antique  age  of  this  whetstone,  and  it  has  been  sup- 
lX)Sed  that  it  was  surreptitiously  introduced  for  the  Siike  of  a  hoax 
by  the  workmen,  or  sonic  otlier  person  when  the  workmen  were 
away.  For  my  own  part  I  dismiss  the  i«lea  of  the  workmen  having 
done  anything  of  the  kind,  as  they  were  one  and  all  nearly  as 
interested  as  myself  in  the  search  for  truthful  results ;  and  I  have 
a  strong  objection  to  believing  that  any  Herefordshire  man  would 
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Iiave  attempted  thus  to  deceive.  Still  Mr.  Evans's  opinion  is  of 
the  greatest  consequence  on  such  subjects,  and  for  that  reason  I 
sent  the  whetstone  to  him,  believing  myself  at  the  time  that  it 
ft  oame  from  the  lower  cave  earth.  On  thinking  the  matter  care- 
fully over  I  believe  the  history  may  be  thus  explained.  When  the 
whetstone  was  thrown  out  of  the  bottom  of  the  pit  it  was  directly 
after  I  had  directed  the  removal  of  a  quantity  of  debris  from  the  side 
of  the  fissure,  outside  the  cave,  in  order  to  get  at  more  relics  from 
the  upper  cave  earth,  on  which  a  mass  of  rock  had  fallen.  The  pit 
in  the  lower  cave  earth  lay  right  in  the  way  of  the  fall  of  some  of 
this  upper  debris  from  the  side  of  the  cave,  and  this  whetstone  may 
have  fallen  in  from  the  debris.  I  prefer  this  solution  to  that  of  the 
hoax  and  the  lie  I  and,  therefore,  place  the  whetstone  in  the  same 
category  as  the  pottery,  and  the  recent  human  bones ;  so  even  if  it 
was  a  hoax,  the  hoax  has  failed  I 

Still  we  must  not  forget  that  the  disinterment  of  flint  flakes  from 
the  lower  oave  earth  is  as  convincing  a  proof  of  the  existence  of  man, 
and  of  his  frequenting  the  cave  at  the  time  of  the  deposition  of  this 
earth,  as  would  be  the  discovery  of  20,000  whetstones ;  as  well  as 
of  his  contemporaneity  with  the  extinct  animals. 

One  or  two  of  the  flint  flakes  I  discovered  in  situ  myself  imbedded 
witii  the  bones  of  the  extinct  mammalia.  They  are  completely 
"whitened  by  their  long  interment  in  the  cave  earth.  I  would  also 
remark  that  the  flakes,  teeth,  and  bones  do  not  show  the  faintest  sign 
of  being  rolled  or  acted  upon  by  water.  The  fangs  and  edges  of  the 
teeth  are  as  sharp  as  when  in  the  jaws  of  the  living  animal.  The 
lower  cave  earth  was  introduced  gradually  and  by  degrees,  probably 
by  the  wash  of  rain  and  melting  of  snow  through  crevices  in  the 
limestone.  It  is  separated  continually  by  thin  layers  of  stalagmite, 
in  many  instances  coated  with  the  aJhum  graeum  of  hyaenas,  proving 
that  for  a  time  each  layer  of  stalagmite  formed  the  floor  of  the  cave, 
and  that  during  such  periods  there  was  no  influx  of  water  save  by 
the  drippings  from  above.  The  very  idea  of  this  cave  earth  having 
been  washed  in  by  a  flood,  or  floods  of  water,  is  simply  preposterous 
nonsense  to  those  who  worked  it,  and  examined  it,  as  we  did,  inch 
by  inch,  and  foot  by  foot.  The  animal  remains  are  those  of  tlio 
oaTe  Lion,  Hysena,  Rhinoceros,  Mammoth  (three  sizes  and  ages),  the 
GKgantic  Irish  Deer,  the  Horse,  the  Bison,  and  the  Beindeer ;  but  no 
Bear  was  found  in  the  lower  earth. 

From  the  foregoing  facts  it  appears  safe  to  draw  the  following 
inferences : — 

1st.  That  long  ages  ago  King  Arthur's  Cave  was  a  deep  fissure  in 
the  rocks  of  the  mountain  limestone,  which  was  gradually  silted  up 
by  the  introduction  of  the  lower  cave  earth,  by  the  wash  of  rain  and 
water  through  crevices  and  fissures ;  and  that  during  that  period  it 
was  a  HysBna's  den,  and,  also,  the  occasional  haunt  of  ancient  Here- 
fordian  men,  who  left  there  their  manufactured  weapons  and  sharpened 
tools.  These  implements  are  all  foreign  to  the  district,  for  the  flints, 
the  cores,  and  the  more  modem  whetstone  have  all  been  imported 
from  long  distances.    A  thick  floor  of  stalagmite  seals  this  lovi^'^ 
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earth  in  the  fissnre  which  was  quarried  to  the  depth  of  ITft,  and 
hored  to  the  depth  of  20fL 

2ndly.  Ahove  the  thick  stalagmite  we  found  there  rested  Btrtfi- 
fio«i  sand  and  gravel  of  considerahle  thickness.  It  is  my  belief 
that  this  deposit  was  washed  into  the  cave  by  an  ancient  Wtc, 
which  flowed  300fL  ahove  the  level  of  the  existing  Wye,  and  wSmq 
the  land  was  higher  than  at  present,  hefore  it  was  so  mnch  d^ 
^^diLil  by  the  atmospheric  denudation  of  ages,  and  before  it  had 
assumed  its  present  aspect  of  deep  valleys  and  glens.  It  is  pxobabb 
that  the  soft  Old  Red  strata,  north  of  the  Great  Doward,  once  roie 
higher  than  the  harder  limestones  of  the  Dowards,  and  that  long  agei 
of  atmospheric  wear  and  tear  have  reduced  their  height  sinoe  the  Ijuid 
was  occupied  hy  ancient  man  and  the  cave  aninials.  And  hen  I 
may  mention  that  my  friend  Mr.  Lucy,  who  has  done  so  mocfa  ib 
Gloucestershire  for  the  elucidation  of  the  Drifts,  thinks  it  possible 
that  the  drift  sand  and  pebbles  in  Arthur^s  Cave  may  have  been 
derived  from  the  washing  in  of  the  materials  by  the  agency  of  melting 
Fnow  and  ice  from  higher  sites  and  previously  deposited  grsveU 
Tlie  only  reason  why  I  object  to  this  opinion  of  Mr.  Lucy*s  is  that 
I  recognize  in  these  pebhles  a  river  drift,  the  deposit  of  some  ancient 
Ftream  which  flowed  as  the  present  Wye  flows,  viz.,  through  the 
Lower  Silurian  rocks  of  Rhayader  and  BuUth. 

Years  ago  I  showed  that  the  Drift  of  the  higher  lands,  as  on  the 
])lalform  above  Symonds  Tat,  is  a  true  Boulder-clay,  containing  laige 
rounded  and  unrounded  erratics,  such  as  the  Macheu  Boolder,  nesr 
Symonds  Yat,  and  in  which  I  have  never  seen  such  river  pebbles. 
J  tliereforo  prefer  the  hypothesis  I  arrived  at  from  a  study  of  the 
di'^trict.  viz.,  that  these  pebbles  wore  washed  in  by  the  stream  of  an 
ancient  Wye,  before  the  excavation  of  the  mountain  limestone  gorge 
to  its  [»rosent  depth,  300  feet  below. 

Be  this  as  it  may,  there  rests  that  sand  and  pebbles,  sealed  by  a 
stalactitic  floor,  the  droppings  of  the  cave  roof  upon  its  stratified 
layers,  and  separated  from  a  lower  cave  earth  by  a  mass  of  stalagmite 
more  than  two  feet  thick.  In  that  lower  cave  earth  are  associated 
tlie  remains  of  ancient  Men  and  the  extinct  Mammalia;  and  what 
with  the  evidence  of  the  old  river-bed  and  the  stalagmites,  I  doubt  if 
there  l>e  better  authenticated  evidences  of  the  antiquity  of  Man  in 
the  recoids  of  cave  history. 

II. — On  the  Systematic  Position  of  the  Sivathebixtm  GiQAyrtvi 

OF  Falconer  and  Cautlet.^ 

By  Dr.  Jameh  Mvrir,  F.O.S.,  F.L.S.,  etc.,  liCCturer  on  CompantiTe  Anatomjt 
Middlcsi'X  Hospital,  and  late  Prosector  to  the  Zoological  Society. 

(PLATES  XII.  AND  XIII.) 

1.  Introductory. — Tho  fragmentary  evidence  attesting  the  presence 
of  former  tenants  of  our  globe  is  just  sufficiently  tantalizing  to  permit 
of  glimpses  of  )>ygouo  fonus  to  be  evoked ;  and  what  is  lacking  in 
tho  I'elics  thoms(>lves  is  supplied  by  the  imagination  or  reasoned  out 

*  £cud  at  the  Mueting  of  the  British  ABsociation,  Edinburgh,  1871. 
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bj  thd  aid  of  existing  forms.  PalaBontology,  in  truth,  is  based  as  yet 
on  a  narrow  but  solid  foundation  of  fact,  propped  up  by  much  that 
is  uncertain  or  unstable,  which  future  time  must  test,  try, — accept, 
or  reject  For  this  reason  all  adventitious  drapery  thrown  around  the 
remnants  of  the  departed  requires  to  undergo  a  dose  scrutiny  of  its 
genuineness ;  and  no  seeming  fittingness  can  save  it  from  the  ruth- 
less hands  of  succeeding  inquirers  should  any  counterfeit  be  detected. 

The  very  singular  animal  which  I  purpose  treating  of  in  this 
paper  is  one  of  the  magnificent  series  of  fossil  forms  excavated  from 
the  Valley  of  the  Murkunda,  in  the  Sewalik  branch  of  the  Sub- 
Himalayan  Mountains. 

The  indefatigable  discoverers  of  the  ancient  fauna  of  the  Sewalik 
range,  the  late  lamented  Dr.  Hugh  Falconer  and  Capt  Sir  Proby 
T.  Cautley  (also  deceased),  first  made  known  and  described  the  re- 
mains of  the  extinct  Sivafheriwrn  giganteum,  in  a  vexy  lucid  com- 
munication in  the  Asiatic  Besearohes,  vol.  xix.,  p.  1  (1836).' 

The  main  deduction  may  be  gathered  from  the  following  passage 
of  these  authors : — 

**  The  isolated  position,  however,  of  the  GKraffe  and  the  CamelidcB 
make  it  probable  that  certain  genera  have  become  extinct  which 
formed  the  connecting  links  between  them  and  the  other  genera  of  the 
£Bmiily,  and  further  between  the  Buminantia  and  the  Pachydermata." 

''In  the  Sivatherium  we  have  a  ruminant  of  this  description 
connecting  the  family  with  the  Pachydermata,  and  at  the  same  time 
flo  marked  by  individual  peculiarities  as  to  be  without  an  analogue 
in  its  order." 

Dr.  Falconer's  description'  of  the  individual  bones  obviates  any 
lengthened  remarks  on  my  part  further  than  what  pertains  to  their 
supposed  taxonomio  value.  Whilst  my  observationB  in  some  respects 
support  the  verdict  arrived  at  by  the  above-mentioned  palasontologist, 
they  nevertheless  differ  materially  as  to  their  ultimate  tendency, 
pending  the  attempted  restoration  of  the  animal. 

2.  JFVmi  and  structure  of  the  hams. — Ab  regards  these,  the  remarks 
of  the  authors  of  the  **  Fauna  Sivalensis  "  are  so  appropriate,  and 
oonvey  so  much  truth  in  their  deductions,  that  I  do  not  hesitate  to 
quote  their  words.  Afterwards  I  shall  add  what  new  light  my 
studies  enable  me  to  evoke.    They  observe : — 

"  Now  what  was  the  character  of  the  horns  ?  Were  they  cores 
of  hollow  horns,  as  in  the  Bovid4B  ?  or  branched  antlers,  as  in  the 
CervidcB  ?  or  were  the  front  the  former  and  the  rear  the  latter  ? 

i  A  nnnber  of  fi^pires  of  the  oraniam  are  to  be  found  in  the  '*  Fauna  Antiqoa 
SiTalensis,"  zci.  and  zdi.,  and  in  nnpnbliibed  proof-plates  of  same,  now  in  the  Geo- 
lo^cal  Department  of  the  British  Mnseum.  Also  in  Boyle's  <*  lllnstrations  of  the 
Botanj  of  the  Himalayas,"  toI.  ii.,  pi.  vi  See  likewise  Joum.  Asiatic  Soc,  toIs.  iy.,  v. 
and  ▼!.,  for  descriptions  and  fienres  of  yarioos  bones.  Lastly,  consult  Dr.  Charles 
Mnrchison's  edition  of  the  **  PusBontoloffical  Memoirs  and  Notee  "  of  the  late  Hu^h 
Falconer,  M.A.,  M.D.  (Lond.,  1868),  yol.  L,  pp.  247-279,  where  the  orijginal  paper 
aboye  mentioned  and  copious  MS.  notes  are  puotished,  accompanied  with  eight  figures, 
platea  19,  20,  and  21. 

*  I  refer  both  to  the  original  paper  and  the  posthumous  MS.  notes  printed  in  Dr. 
Morehison's  collected  edition  of  nil  paheontological  laboiin. 
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"  About  the  front  ones  there  can  be  no  doubt.  They  are  ooniaL 
rise  rapidly  to  a  point,  are  smooth,  have  no  burr,  are  hollow  at  tfadr 
base,  and  are  formed  of  large  oells  throughout ;  no  raminant  hi 
ever  antlered  horns  of  this  sort 

*'  They  must,  therefore,  have  been  cavioomed  oores.  Besidei,  no 
ruminant  with  antlers  was  ever  seen  with  four  bases  to  the  honiL 

**  With  regard  to  the  rear  ones,  their  structure  is  most  perplexiii^ 
the  main  branch  is  hollow,  as  in  the  Bovidce,  they  have  no  burr,  or 
appearance  of  articulation;  but,  at  the  same  time,  they  give  un- 
doubted proofs  of  having  had  two  branches,  the  distizKSt  bases  of 
which  are  seen,  and  there  is  every  reason  to  believe  they  had  a 
third.  No  cavicomod  core  is  known  to  be  branched  in  this  waj, 
after  the  manner  of  the  solid  antlered  horns  of  the  Cervida^  but,  at 
the  same  time,  they  have  no  burr,  as  all  the  CertndcR  have.  Thej 
are  smooth,  they  are  not  solid,  as  all  the  CervidcB  are,  but  hollow;  at 
least,  the  central  and  outer  ones  are  so.  The  horns  in  the  Cernia 
always  come  off  from  the  forehead,  much  in  advance  of  the  occipital, 
with  long  parietals  between.  In  the  Bovidce,  they  come  off  exiMstly 
overhanging  the  occipital ;  so  do  these^  In  the  specimen  the  plane 
of  the  occipital  is  exactly  as  in  the  BovtdcB ;  there  are  no  distinct 
parietals,  the  frontals  run  up  to  the  occipital  crest,  and  there  give 
off  these  cores.  Therefore,  both  from  structure  and  analogy,  the 
rear  horns  of  the  Sivatherium  were  at  least  three-brandiedy  and,  at 
the  same  time,  cavicomed." 

When  tlie  above  was  penned,  the  writers  were  unaware  of  the 
existence  of  a  living  ruminant  whose  horns  present  some  of  the 
bizarre  construction  which  so  puzzled  them  :  leaving  doubts 
whether  the  Sivatherium  was  a  deer  or  an  antelope.  The  weight 
of  their  evidence  leans  chiefly  towards  the  Antilopid<B.  Still  the 
palmate  horns,  the  reverse  of  antelopes,  offered  difficulties  not  easily 
accounted  for. 

Recent  researches  on  the  interesting  North  American  Prongbuck 
(Antilocapra)  reveal  the  fact  that  this  cavicomed  ruminant  actually 
sheds  its  horns  annually,  as  do  the  Cervidce,  Jn  Dr.  Canfield's 
concise  paper,*  the  manner  of  shedding,  and  the  nature  of  the  horns 
themselves,  is  sufficiently  lucidly  told.  Tlie  patent  facts  are:  the 
presence  of  a  forked,  flat,  hollow  horn,  annually  deciduous,  and  no 
burr  at  the  baae  of  the  bony  pedicle. 

To  all  intents,  at  least  as  far  as  shape,  shedding,  and  renewal  are 
concerned,  the  Prongbuck's  horn  might  be  lookeil  upon  as  a  kind  of 
antler.  Still  even  in  the  above-mentioned  peculiarities  it  is  no  antler, 
but  strictly  a  bovine  horn,  subject  to  a  periodical  removal  of  its 
investing  sheath. 

It  is  not  to  be  forgotten  that  Sivatherium  differed  from  Antilocapra 
in  the  possession  of  four,  and  not  two,  horns.  This,  after  all,  is 
only  of  minor  importance,  as  what  may  be  said  of  the  anterior  is  in 
many  ways  applicable  to  the  posterior  horns.  The  living  Indian 
antelopes  (Tetracerus)  have  all  four  horns  conical,  and  the  rearmost 
pair  situate  much  further  forwards  than  obtains  in  Sivatherium. 

^  Proo.  Zool.  Soo.  Lond.,  1866,  p.  106. 
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The  enigmatioal  part  of  the  prohlem  in  the  Sioa^Aenum,  palmation 
wid  absence  of  burr,  is  therefore  thoroughly  explained  in  Antilocapra; 
loT  the  core  of  the  Sivathere's  hinder  horns  agrees  with  it>  and  does 
not  do  so  either  with  the  antelope,  deer,  or  giraffe. 

Knowing,  as  we  do  from  the  fossil  specimens,  that  the  Sivatherium 
had  four  bony  horn-cores,  it  becomes  an  interesting  question,  What 
surmounted  tibese,  to  constitute  the  fully-developed  horns  ?  For  of 
the  covering,  whatever  that  may  have  been,  no  trace  has  as  yet  been 
discovered.  Of  the  front  horns  it  will  be  readily  admitted  these 
may  have  been  similar  to  those  of  Tetraeerua  and  other  straight- 
homed  antelopes. 

The  hind  horns  are  the  most  difficult  ones  to  appreciate  as  regards 
their  casing.  One  or  other  of  the  following  conditions  necessarily 
existed. 

1.  Each  posterior  horn  sheath  may  have  consisted  of  one  deciduous 
mass  of  agglutinated  hairs,  with  corneous  extremity,  as  obtains  in 
the  living  Prongbuck;  or  this  may  further  have  split  up  at  the 
forks  on  being  cast  off. 

2.  The  sheath  may  have  consisted  of  semi-detached  pieces 
oorresponding  to  the  snags,  shedding  taking  place  by  partition. 

8.  The  core  covering  might  be  made  up  of  soft  epidermal  hairy 
material,  such  as  clothes  the  reindeer's  horns,  and  this  exfoliate,  as 
in  that  animal,  by  shreds  when  the  periodical  cessation  of  its  growth 
had  occurred. 

4.  The  front  horns,  and  probably  the  hinder  ones  also,  were,  like 
those  of  the  giraffe,  covered  with  an  investment  of  true  skin,  and 
never  cast  off. 

5.  Lastly,  both  front  and  rear  horns  might,  as  in  the  BovidcBt 
have  had  firm  corneous  envelopes,  not  subject  to  shedding,  but  per- 
sistently retained  through  life,  save  when  accidentally  injured. 

Analysis  of  the  above  five  reasons  removes  a  certain  amount 
of  equivocation  as  to  their  nature.  Admitting,  for  argument's  sake, 
that  the  covering  of  the  front  horns  may  have  consisted  entirely 
of  a  homy  sheath,  as  in  buffidoes  and  other  BatfidcB,  it  does  not 
follow  the  hind  ones  were  similarly  clothed.  Indeed,  by  force  of 
reason,  from  their  flatness,  snags,  etc.,  it  could  not  be  so.  Hence 
necessarily  follows  separation  from  that  family. 

It  is  quite  as  unlikely  they  resembled,  nay,  it  may  be  affirmed  that 
they  did  not  agree  with,  those  of  the  modem  giraffe.  The  median 
fore-horn  of  the  giraffe  is  epiphysial,  and  springs  from  the  frontal 
suture.  The  surface  of  the  bony  eminence  shows  impressions  in- 
dicating a  skin  covering.     These  are  absent  in  Sivatherium, 

The  hind  homs  of  the  giraffe,  again,  are  not  flat,  and  branched  as 
in  the  fossil  genus  compared;  and  the  osseous  surface  exhibits 
cnticular  markings.  The  hind  homs  of  Sivatherium  are  unlike  those 
deer  with  flat  palmate  antlers  clothed  with  a  hairy  membrane ;  and 
furthermore,  as  before  mentioned,  are  devoid  of  burr;  therefore 
separate  from  all  CervidcB, 

Lastly,  then,  it  alone  in  its  entirety  agrees  with  the  Prongbuck. 
I  have  mentioned  the  possibility  of  each  snag  possessing  its  own 
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separate  covering,  though  this  presents  difficulties  in  the  way  of  die 
sheath  being  fieustened  in  separate  areas. 

By  far  the  most  sensible  view  of  the  subject,  and,  indeed,  ^ 
only  satisfaotory  one  which  accounts  for  shape,  and  abaenoe  of 
suture  and  burr  at  the  base,  is  the  theory  that  they  must  and  only 
could  be  analogous  to  those  oi  Aidilocapra.  A  horn  with  cextuL 
external  aspects  peculiar  to  those 'of  deer;  a  horn  likewise  posntt- 
ing  attributes  belonging  to  antelopes  and  the  BovicUe ;  a  horn  dif- 
fering in  every  respect  from  that  of  the  Gameleopards. 

3.  Pecxdiarities  of  (he  faded  bones. — ^The  imperfeot  olosare  of  die 
nostrils  by  bone,  the  nasals  being  of  most  diminutive  size,  and  i^»pa- 
rently  unconnected  either  with  the  maxillaries  or  premaxillariei, 
gives  a  most  aberrant  character  to  the  Sivatherium. 

Its  discoverers  truly  noted  its  resemblance  to  the  Pachydermi. 
As  a  matter  of  induction,  they  were  led  to  believe  in  the  probability 
of  its  possessing  a  trunk.  A  proboscis  in  a  ruminant  they  con- 
sidered to  bo  a  most  anomalous  circumstance.  Certain  geners  of 
the  bovine  section,  Bos  and  Btihalue,  have  shortened  nasals,  baiely 
impinging  on  the  premaxillaries.  Other  genera,  BisoH^  Ov&o§,  and 
Budorca^,  etc.,  have  nasals  which  do  not  reach  the  premaxillaries, 
a  condition  met  with  in  few,  if  any,  deer,  except  Alces^  and  only 
occurring  sparsely  in  antelopine  genera,  notably,  in  Saigct^  Fanthi' 
lops,  and  Btipicapra. 

Excepting  in  the  SaigOy  however,  the  nostrils  and  muzzle  of  the 
genera  mentioned  depart  little  from  the  ruminant  type  generally. 

Not  only  does  Sivathermm  and  Saiga  assimilate  in  the  entire 
separation  of  the  nasals  from  the  maxillary  bones,  and  great  salicncy 
of  tlio  former,  but  with  true  proboscidean  feature,  have  a  great  scoop- 
ing out  of  tlie  bones  surmounting  the  iutormaxillaries  and  maxillaries. 

Pallas,  long  ago,*  depicted  the  trunk-like  character  of  the  Saigas 
nose,  and  recent  reseaix^hes  demonstrate  the  samo  thing  even  more 
fully  tlian  be  has  done.* 

That  the  Sioatherinm  had  a  huge  long  proboscis,  tactile  and  pre- 
hensile, as  in  the  Elephant,  or  to  a  lessened  extent  as  in  the  Tapir, 
does  not  seem  to  be  established.  Falconer  and  Cautley,  from  the  struc- 
ture of  the  facial  bones,  infer  as  much.  The  bones  of  the  face  of  the 
Sivatheriiim  and  Saiga  assimilate  closely  iu  pattern,  and  individually 
corresix)nd ;  and,  as  in  the  latter,  we  have  a  soft,  flabby,  enlarged 
patulous  nostril  of  moderate  dimension,  it  follows,  as  a  matter  of 
probability,  that  the  same  existed  in  the  former,  as  iu  the  Elk  and 
others.  For  it  is  to  be  borne  in  mind,  when  we  attribute  a  pachy- 
denu's  trunk  to  the  Sivatherium,  that  the  animal  had  large  heavy 
horns,  occipital  and  prefrontal,  a  circumstance  vastly  different  from 
the  Tapir  and  Elephant  tribes. 

4.  Formation  of  the  base  of  the  skull. — ^To  Mr.  11.  N.  Turner  the 
merit  is  due  of  first  appreciating  trenchant  shades  of  distinction  in 

^  •*  Spicilej^ia  Zoolo^ca."     Berlin,  1777. 

>  Vide  True.  Zool.  Sue.  1870,  pp.  iol,  503,  figs.  4,  6,  8,  and  12  respectively. 
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the  inferior  base  of  the  skull  of  mminant  tribes  and  other  Mammalian 
groups.'  He  demonstrated  salient  oharaoters  for  classifying,  in  the 
foramina  and  relative  disposition  and  development  of  the  bones. 

The  fossilized  oondition  of  Sivatherium  orania  precludes  much  being 
drawn  from  the  foramina.  The  contour  of  l^e  basal  surfiEU)e  of  the 
aknll  is  a  most  unusual  one  for  a  ruminant,  the  area  posterior  to 
the  palate  and  teeth  being  remailuibly  broad  and  quadriform.  The 
length  oooupied  by  the  teeth  is  short,  and  about  equal  to  that  posterior 
to  it.  This  portion  of  the  palate  is  of  moderate  breadth;  that 
anterior  to  it,  comprising  portions  of  the  maxillaries,  is  relatively 
▼exy  narrow.  Unfortunately,  the  fore  part  of  the  palate  is  not  pre- 
served, but  I  presume  it  to  have  been  comparatively  narrower  than 
"what  obtains  in  the  ordinary  antelopes.  In  the  basi-oocipital  we 
have  an  element  for  judging  the  affinities  of  the  animaL  In  sheep 
and  goats  the  bone  in  question  is  broadish  throughout,  and  dis- 
tinguished by  what  Turner  has  denoted  as  anterior  and  posterior 
tabercles  of  the  basi-oocipital.  In  the  antelopes  there  is  a  greater 
tendency  to  narrowing  forwards  of  the  basi-ocoiput,  but  the  anterior 
tubercles  are  full  and  prominent.  In  Oervm  the  said  bones  are 
broader  posteriorly,  but  narrow  forwards,  which  fives  them  a  decided 
wedge-shape ;  the  tubercles,  fore  and  aft,  are  less  marked  than  in 
the  preceding  forms ;  the  posterior  tubercles  especially  almost  run- 
ning, as  it  were,  into  the  condyles.  Neariy  uie  same  characters 
distinguish  the  oxen,  but  with  this  difference,  that  the  median  furrow 
betwixt  the  tubercles  is  shallower. 

The  basi-occiput  of  Sivatheriwm,  as  far  as  I  can  judge  from  the 
fossil  specimen,  may  be  said  to  be  intermediate  between  these 
two  families.  It  is  of  triangular  form,  narrow  anteriorly,  and  with 
very  moderate  elevations,  representing  posterior  tubercles.  The 
occipital  condyles  are  very  large  and  wide,  and  so  set  backwards  as 
in  a  great  measure  to  hide  the  foramen  magnum  when  the  skull  is 
viewed  frbm  below. 

The  posterior  nares  appear  rather  short  and  with  no  great  width 
crosswise.  The  tympanic  bullao  are  small  and,  I  presume,  laterally 
compressed,  but  the  mastoid  and  ex-occipital  regions  have  a  consider- 
able breadth,  though  flat.  The  glenoid  surfaces  are  very  large,  and, 
as  Falconer  remarks,  truly  ruminant  in  character.  The  result  of  the 
characters  of  the  base  of  the  skull  with  the  proviso  of  a  certain  amount 
of  obscurity  or  indefiniteness  from  deposition  of  stony  matrix,  inferen- 
tially  demonstrate  the  skull's  basis  as  a  modification  between  that  of 
the  deer  and  ox  tribe,  ¥rith  tendencies  quite  as  much  to  the  latter  as 
the  former. 

5.  The  Nature  of  the  Teeth, — ^It  has  been  conjectured  on  good 
grounds  that  the  Sivatherium  had  no  upper  incisors  nor  canines. 
This  necessarily  excludes  it  from  the  ruminant  groups  possessing 
these.  As  to  tiie  molar  series,  these  have  one  attribute  peculiar  to 
a  limited  section  of  the  ruminants,  viz.,  the  enamel  exhibits  rugose 

^  In  three  oommunicatioiiB  laid  before  the  ZooL  Soo.,  reepaotiTelj  pabliihed  ia 
Proc  1848-9^60. 
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reticalations ;  a  mark  of  giraffe  alliance,  but  one  also  met  with  in 
the  fossil  Bramaiherium  and  Megctcerops.^  The  next  point  of  im- 
portance is  the  manner  of  folding  of  the  enamel  ridges.  *'  The  inner 
orescent,  instead  of  sweeping  in  a  nearly  simple  curves  nms  zigzag- 
wise  in  large  sinuous  flexures  somewhat  resembling  the  form  in 
EUMmoiherium,*'*  Finally,  the  last  true  molar,  as  Owen'  obserTeB^ 
presents  in  the  Megaceros  (Af.  Hibemicus,  the  extinct  gigantic  Irish 
Deer)  and  Sivatherium  a  deeper  central  enamel  island  or  fold,  which 
also  characterizes  the  smaller  third  lobe  in  the  giraffe.  In  short,  the 
construction  of  the  teeth,  like  that  of  the  horns  and  fore  &oe,  borrow 
from  or  assimilate  to  several  incongruous  mammalian  forms. 

6.  Conaideratians  applicable  to  the  neck,  chest,  and  limb  (ones. — ^The 
remains  of  seven  neck  vertebro  are  tolerably  complete.  They  show, 
from  their  magnitude  and  strength,  that  great  fleshy  masses  over- 
lying them  must  have  conduced  to  the  support  of  the  massive  head. 
The  atlas  is  chiefly  remarkable  on  account  of  the  shape  of  its  trans- 
verse process,  which  is  concave  towards  the  body,  and  this,  according 
to  Falconer's  opinion,  distinguishes  it  from  that  of  other  ruminants. 
The  peculiar  features  of  the  atlas,  as  far  as  I  can  make  out,  approach 
those  of  the  Saiga,  save  in  greater  magnitude  and  relative  shortness. 
The  other  cervical  vertebne  partly  resemble  those  of  the  bu&lo,  the 
ox,  and  the  eland.  The  spinous  processes  of  the  third  and  fourth  are 
apparently  imperfectly  developed,  and  the  ends  of  the  posterior  ones 
being  broken  off,  renders  it  difficult  to  say  what  might  have  been 
their  natural  length.  The  transverse  and  inferior  processes  are  also 
incomplete;  but  doubtless  they,  as  well  as  the  spinous  processes, 
were  very  strong.  Falconer  and  Cautley  in  their  original  paper 
suggested  "  that  the  vertebrje  were  condensed  as  in  the  elephant,  and 
the  neck  short  and  thick,  admitting  of  limited  motion  to  the  head, 
circumstances  indirectly  corroborating  the  existence  of  a  trunk." 
The  specimens  in  the  British  Museum,  however,  show  them  to  have 
been  truly  ruminant  cervicals  fairly  proportioned.  Much  cannot  be 
inferred  concerning  the  dorsal  vertebraB  because  of  their  mutilation. 
They  were  indeed  powerful,  and  the  spines  of  the  first  and  second  at 
least,  long  and  strong. 

The  sternum  in  the  antelope  and  deer  groups  in  general  is  flat 
and  moderately  shallow.  Its  very  great  depth  and  narrowness  in 
Sivatherium  removes  it  from  these  groups,  and  shows  affinity  with 
the  stouter- chested  oxen.  As  Falconer's  posthumous  notes  attest,  it 
agrees  closely  with  Bos  urus,  but  it  differs  from  this  as  well  as  from 
other  ruminants  in  its  complete  ossification. 

There  is  a  camel -like  tendency  in  the  glenoid  segment  of  the 
scapula. 

The  humerus  in  pre-eminence  of  the  deltoid  crest  trends  to  equine 
character.     But  the  general  massiveness  of  the  bone  altogether  ap- 

1  This  North  American  form,  the  Megac^n-opt  OoloradensiSf  has  been  determined  and 
named  bv  Dr.  Linz  from  fragments  described  by  him  at  the  Meeting  of  the  Acad, 
of  Nat.  Science,  Philadelphia,  Jan.  1870. 

'  Fauna  Antiqoa  Sivalensis.  '  **  Odontography,"  p.  536. 
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proaohes  that  of  the  bullock.  Falconer  (MS.)  avers,  '*  the  fore  arm 
presents  a  sort  of  transition  from  the  rmninants  to  the  pachyderms." 
To  his  able  descriptive  remarks  thereon  I  can  bat  acquiesce.  The 
carpus  is  fashioned  as  is  that  of  a  buffalo,  and  the  other  bones  of  the 
fore  limb  evince  considerable  resemblance  to  those  of  the  same 
animal. 

YHiat  has  been  said  of  the  anterior  limb  applies  in  a  great 
measure  to  the  posterior  one.  Both  long  and  short  bones  dividing 
their  characters  somewhat  betwixt  the  OamelidsB  and  Bovidaa.  The 
middle  shaft  of  the  femur  has  not  been  discovered,  so  that  the 
precise  length  of  this  bone  is  unknown.  With  this  deficiency,  it 
may  be  said  broadly  that  all  four  limbs  have  not  the  delicacy  of 
pattern  of  the  antelopes ;  nor  are  they  by  any  means  equivalent  to 
the  giraffes  in  length.  Furthermore,  they  present  a  greater  com- 
parative stoutness  relative  tb  length  than  is  found  either  in  sheep, 
goats,  or  deer.  As  has  been  hinted,  with  some  faint  resemblance  to 
camels,  they  most  nearly  assimilate  to  the  heavy-limbed  cattle  tribe, 
a  dawning  of  pachyderm-like  structure  being  intermingled. 

7.  Oeneral  tax<momic 'inferences,  etc. — Eevising,  as  I  have  done, 
the  data  from  which  Falconer  and  Cautley  drew  their  inferences,  and 
incorporating  such  new  facts  as  science  has  furnished,  it  devolves 
upon  me  to  elucidate  the  creature's  alliances,  and  suggest  its  probable 
appearance,  with  hints  as  to  habit. 

The  most  recent  division  of  the  ruminants  into  families  gives  the 
grouping  as  follows'  : — 1.  Camelida ;  2.  Oiraffida;  3.  Anttlocaprida ; 
4.  BoviicB ;  6.  CervtdiB ;  6.  Moschida ;  7.  Tragtdida. 

The  first  and  two  last  mentioned  for  obvious  reasons  may  be 
excluded  as  apart  irom  our  horned  Sivathere,  they  being  deficient 
in  such  appendages. 

To  the  antlered  Cervida  the  Sivatherium  only  approximates  in 
seeming  aspect.  Its  horns,  while  deciduous,  being  hollow  and  dif- 
ferently situated,  as  has  been  proved.  The  Sivatherium  again  is  no 
cerf,  inasmuch  as  the  fossil  skull  shows  no  supra  or  ant-orbital  fissures. 
Neither  does  the  co-adaptation  of  lengthened  nasals  to  maxillae  and 
premaxillae  at  all  agree  with  what  is  the  rule  in  all  true  deer. 
Although  the  back  of  the  skull  and  its  base  show  a  tendency  to  cervine 
type,  yet  is  the  line  of  demarcation  sufficiently  distinct  to  strengthen 
separation.  Of  cranial  features,  fleshy  and  bony,  the  Elk  (Alces)  is 
almost  the  only  deer  exhibiting  likeness  to  what  obtains  in  Siva- 
therium,    But  even  it  is  trenchantly  separate. 

The  form  of  the  lower  jaw,  and  the  dentition  of  Sivatherium^  are 
those  points  which  best  ally  it  with  the  Cervida.  Nevertheless,  it  is 
possible  that  some  extinct  forms  may  have  existed  bridging  over  the 
line  pf  separation  spoken  of. 

Although  the  GiraffidtR  can  only  boast  of  a  single  living  species, 
yet  this  family  in  geological  epochs  undoubtedly  was  a  numerous 

^  Vide  resDectively  Drs.  Gray  and  Sclater,  Ann.  and  Mag.  Nat.  Hist,  1866,  pp. 
326,  401,  ana  a  previouB  paper  by  the  latter,  Brit.  Aasoc.  Report,  1866. 
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one,  and  presented  many  TariationB  which  wonid  stop  the  gaps  now 
existing  between  it  and  other  mminants.  The  giiafie  is  but  s 
modified  deer;  yet  withal  it  differs  from  the  latter  tribe  ^eiy 
materially.  It  is  tricomed,  and  the  horns  are  persist^it^  etc.  Tba 
length  of  its  fore  and  hind  limbs,  and  even  of  sa<^  of  tlie  fossQ 
species  that  are  known,  are  disproportionate  to  each  other,  the 
former  far  exceeding  those  of  all  other  ruminants.  In  the  teeth 
alone  does  the  Sivatherium  incline  to  the  Oiraffida. 

Coming  to  the  Bovidaj  as  has  been  demonstrated,  the  SiwUkeriwm 
af&nes  itself  to  oxen  in  the  stoutness  of  its  limbs,  sternum,  and  tot- 
tebrad,  and  also  in  some  parts  of  the  skull  structure.  It  is  farther 
removed  from  the  goats  and  sheep,  albeit  some  Chida  have  four  horns. 

In  the  fact  of  all  antelopes  having  persistent  horns,  and  from  other 
points  of  skeletal  structure  heretofore  mentioned,  the  Sivaikerium  in 
strictness  cannot  belong  to  that  group.  'Tet,  as  I  have  enmiciated,  the 
strange  Saiga,  which  wavers  between  sheep  and  antelopes,  possesses 
several  facial  features  strikingly  brought  out  in  relief  in  the  remains  of 
the  extraordinary  Sivatherium.  But  thus  far  likeness  ceases,  and  the 
Sivatherium,  with  its  deciduous  hollow  horns,  clings  most  strongly  to 
the  imique  Prongbuck  (Antilocaprida),  This  latter  animal,  not- 
withstanding its  singleness  of  structural  organization,  exhibits  deer- 
like  proclivities  in  several  points,  and  notably  in  the  existence  of 
ant-orbital  fissures. 

The  fossil  Bramatherium  and  Megaceropa  link  themselves  with 
Sivatherium  in  greatness  of  dimensions,  in  being  quadricavicomed, 
and  in  similitude  of  dentition  ;  though  these  attributes  must  be  used 
with  caution,  from  the  paucity  of  the  fossil  remains. 

Tlie  Sivatherium,  through  the  Saiga,  as  I  have  mentioned,  veers 
towards  pachyderms  in  nasal  conformation,  and  the  splitting  of  the 
lower  limb  bones  adds  to  Ferissodactyh  character. 

To  not  one  of  the  families  spoken  of  does  the  Sivatherium  con- 
sistently belong.  According  as  we  accept  horns,  skull,  teeth,  or 
bodily  framework,  so  does  the  Sivatherium  ally  itself  to  the  different 
ruminant  families.  The  strongest  expression  of  character  weighs 
towards  Antilocaprid/e.  Admitting  as  naturalists  do  that  the  horns 
are  a  guiding  wand  of  taxouoraic  value,  the  Sivatherium,  though  not 
agreeing  in  all  respects,  must  truly  l)e  classed  under  the  family 
Antilocaprida,  But  I  go  further  than  this,  and  look  upon  the  iStro- 
iherium  as  a  type  of  a  group,  and  which  may  be  termed  the  Siva- 
iherida.  Radiating  from  it  can  be  traced  differentiation  of  structure 
allying  it  to  the  Bramatherium  and  Megaceropa.  Diversely,  links  lead 
through  the  Prongbuck  towards  the  deer,  giraffe,  and  camel ;  on  the 
other  hand,  configurations  point  undoubtedly  to  the  Saiga,  and  again 
its  affinities  are,  as  it  were,  split  into  lines  directed  towards  the  ante- 
lopes, goats,  sheep,  and  oxen,  and  even  foreshadowing  pachydermate 
conformation.  The  accompanying  diagram  illustrates  such  views,  and 
shows  at  a  glance  by  what  varied  tracts  we  can  trace  paths  from  the 
Sivatherium  winding  and  connecting  it  with  nearly  all  the  ruminants 
besides  the  thick-skinned  Perissodactyla  and  Probo8cidea, 

such  chains  of  consanguinity  are  the  observations  of  the 
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FkliBontobgiBt  rtiengtiiened.^  After  a  study  of  this  remarkable 
fbrm,  the  ifivatkeriwn,  one  is  readily  inclined  to  admit  the  exifitence 
in  ages  past  of  generalised  forms,  towards  which  the  specialized  and 
esdstent  faona  can  be  traced  back. 

There  is  a  charm  in  speculating  on  the  appearance  and  habits  of 
bygone  forms.  In  the  case  of  the  Sivatheriumf  no  attempt  hereto- 
fore has  been  made  to  restore  it,  as  has  been  done  to  many  reptilian, 
feline,  ruminant,  and  other  groups.  Witness  Dean  Buckland's, 
Mantell's,  Waterhouse  and  Hawkins's,  etc.,  efforts.  Plate  XIIL  gives 
my  ideal  of  the  creature  (vide  descriptive  remarks).  I  have  at- 
tempted likewise  to  put  together  the  skeleton  on  the  grounds 
noticed  in  the  description  of  Plate  XTL  How  far  these  are  successful 
must  be  left  for  others  to  judge. 
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SIVATHERIUM 


PRONOBUCK 
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SAIGA 


TAFIR 


Diagram  designed  to  exprem  the  probable  relatioDflhip  of  Swathtrium  with 

other  Mammalian  &miliei. 

Concerning  habits,  Falconer  threw  out  the  startling  doctrine  that 
this  ruminant  may  have  possessed  and  used  a  proboscis  in  the 
manner  of  the  elephants  and  tapirs.  He,  moreover,  from  its  dental 
characteristics,  states — **  It  may  hence  be  inferred  that  the  food  of 
the  Swatherium  was  less  herbaceous  than  that  of  existing  homed 
ruminants,  and  derived  from  leaves  and  twigs ;  or  that,  as  in  the 
horse,  the  food  was  moro  completely  masticated,  the  digestive  organs 
less  complicated,  the  body  less  bulky,  and  the  necessity  of  regurgita- 
tion from  the  stomach  less  marked  than  in  the  present  ruminantia." 
Only  in  one  of  these  points  am  I  inclined  to  give  my  unqualified 
adhesion,  viz.,  the  probability  of  its  food  being  coarse  and  ramal. 

*  Witnen  the  remarks,  and  genealogical  tabular  riews  in  the  **  Animanx  Fossiles 
de  I'Attique"  of  M.  Albert  Gandnr  (Paris,  1862) :  also  Riitime^rer's  *<Beitrage  paL 
Qesch.  der  Wiederkauer,"  Basel,  1806,  and  Tarioui  other  late  writexi. 
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I  have  already  given  reasonB  for  believiii^  the  nose  of  SivaJtkaim 
resembled  that  of  Saiga^  and  remotely  the  Elk,  and  was  therefore  not 
prehensile.  Comparing  the  same  forma,  there  seema  no  zeaaon  wl^ 
the  digestive  organs  should  not  have  been  as  complex  as  in  them  mi 
other  homed  ruminants,  and  the  act  of  rumination  also  oorreapondiii^ 
I  believe  the  body  to  have  been  quite  as  bulky  as  that  of  cattla  and 
deer,  and  much  more  so  than  in  the  ordinary  antelope  group.  My 
conception  of  the  animal  I  depict  and  the  features  teU  their  owi 
tale,  to  wit.  a  creature  with  several  herbivorous  traits  combined. 

I  might  surmise  more  regarding  this  strange  animal,  and  oonjnM 
a  picture  ^  rivalling  modem  Eastern  tales ;  but  with  impexfeot  data 
haziness,  like  distance,  lends  enchantment  to  the  view. 

EXPLANATION  OF  PLATE  XIL 

Restoration  of  the  skeleton  of  the  Sirmtherium  giganttum,  Falc  and  Cant. 
This  is  based  on  the  remains  deposited  in  the  British  If  oseam,  and  partly  oa  Dr. 
Falconer's  figures  and  descriptions  of  the  sereral  fragments  in  the  Calcntta  H «§■■ 
and  I'lsi-wht-re. 

The  onder-mentioned  bones,  and  portions  of  bones,  are  separately  iUurtiated  in  thi 
publiihed  and  unpublished  parts  of  the  "  Fauna  Sifalensis.*^ 
Cranium  (f  and  C  different  Tiews. 
ScTcral  portions  of  the  horns. 
Cervical  vcrtebnc  separate  and  in  niu. 

Dorsal  yerti'bnp,  Ist,  4th,  and  a  few  joined  together,  numbers  unknown. 
Fragments  of  the  sternum,  and  glenoid,  and  of  scapula. 
The  fore  limb  bones  nearly  complete. 

Portions  upper  and  lower  end  of  femur ;  the  entire  tibia,  calcaneum,  aitrt- 
p::ilu4,  auJ  KNipho-cuboid  bones. 
The  remainder  of  tho  skeleton,  chiefly  ribs,  vertcbno,  and  pelvis,  are  constructed 
on  a  comparative  study  of  similar  parts  in  kindred  ruminants. 

EXPLANATION  OF  PLATE  XIII. 

Design  to  illustrate  the  probable  appearance  of  the  living  form  of  the  SiratAfnum, 
mnlt'.  iVmale,  and  voun^.  It  shows  the  PronphnckAiVe  horns,  ^tii'^a-like  snout,  and 
other  fiatures  appertaining  to  diverse  kinds  of  existing  Uerbirorts^  which  were  com* 
biut-d  in  this  extinct  form. 


I 


III. — On  tue  Relative  Ages  of  Igneous  Hocks. 

By  S.  Allport,  F.G.S. 

N  the  last  number  of  the  GEorx>GicAL  Magazine  there  is  an  abstract 
from  an  interesting  and  important  paper  by  Prof.  Hull  and  Mr. 
Traill  on  the  relative  ages  of  certain  igneous  rocks  of  Co.  Down. 
Ireland.  In  that  i>aper  there  is  one  panigrapli  on  wliich  I  should 
like  to  olVer  a  few  remarks,  as  it  refers  to  a  previous  communication 
from  niy.»ielf,  and  relates  to  a  subject  in  which  1  take  a  special 
interest.  The  jKinigrapli  is  as  follows  : — *•  It  might  have  been  sup- 
poM.'d  that  micn)8copio;d  examination  would  show  some  distinction 
in  the  basalts  of  tlieso  geijlogicAl  ages,  but  recent  in  vest  ignitions  by 
Zirkel,  \),  Forbes.  Allport,  and  others,  tend  to  show  that  there  is  n'> 

'  I  refer  tl»e  rejidfr  t«)  Dr.  Malcolms^m's  Oeoldjriral  Deductions,  etc.,  Gt-ol.  Tniib. 
Bcr.  2,  vnl.  v.,  j).  :>'{) ;  Juurn.  H.»nib.iv  Geugraph.  Sik;.  1841-44,  p.  371 ;  and  Falconer'.* 
iriticiitiu  thercun  in  his  ••  FossiLi  of  I'erini  Island." 
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[terion  of  age  amongst  the  oonstitaents  of  basalt,  dolerite,  or  mela- 

»i 

lyre. 

In  the  first  plaoe,  I  think  Mr.  Forbes  will  objeet  to  be  plaoed  in 

is  oonnexion,  as  he  has  not  long  sinoe  expressed  a  very  decided 

inion  that  **  eruptive  rocks  of  identical  mineral  oonstitution  have 

ide  their  appearance  or  intrusion  into  the  earth's  crust  at  similar 

ological  epochs;'*   and,  conversely,  that  "when  the  geological 

oohs  of  the  appearance  of  two  or  more  intrusive  or  eruptive  rocks 

e  known  to  dififer,  these  rocks  will  then  also  be  found  to  differ 

sentially  in  mineral  constitution."  ^    Then  with  respect  to  Prof. 

rkel,  I  am  not  aware  that  he  has  anywhere  stated  that  the  old 

3laphyres  and  more  recent  basalts  are  mineralogically  the  same ; 

fact,  in  his  work  on  the  basalts,  published  in  1870,  he  says,  in  an 

pendix  on  melaphyre,' "  the  structure  and  mineralogical  constitution 

these  apparently  compact  rocks  still  remains  in  the  greatest 

scurity ; "  and  then  gives  the  results  of  the  examination  of  a  few 

ecimens,  reserving  definite  conclusions  on  their  composition,  etc., 

1  further  evidence  is  forthcoming.     It  is  clear,  however,  that  he 

roeived  a  close  resemblance  between  the  two  series. 

Now  it  would  appear  from  the  above  quotations,  that  my  investiga- 

ms  have  led  me  to  conclusions  completely  at  variance  with  those 

rived  at  by  Mr.  Forbes,  and  I  am  not  aware  that  others  have 

own  that  there  is  no  essential  difference  between  eruptive  rocks  of 

fferent  geological  epochs.     I  arrived  at  this  conclusion  more  than 

ree  years  since,  as  the  result  of  a  microscopic  examination  of 

iry  many  sections  prepared  by  myself,  and  I  am  under  the  im- 

ession  that  I  have  been  the  first  to  ascertain  the  fact. 

I  have  abundant  evidence  that  melaphyres  of  undoubted  Carbon- 

)rous  age,  and  basalts  of  Tertiary  age,  have  not  only  the  same 

ineral  constitution,  but  elao  that  both  present  the  saQie  structural 

krieties. 

A  highly  characteristic  structure  in  many  basalts  is  that  in  which 

e  various  constituents  form  a  close  net-work  of  crystals  in  actual 

ntact  with  each  other,  without  any  intervening  cement ;  in  others, 

ere  is  a  vitreous,  or  semi- vitreous  base,  in  which  the  crystals  are 

ibedded;   or,  in  many,  the  rock  is  composed  of  a  mass  of  very 

inute  crystals,  in  which  larger  ones  are  porphyritically  imbedded. 

Now  it  is  an  interesting  fact,  that  these  varieties  of  texture  are 

nally  common  in  the  older  melaphyres,  affording,  I  think,  addi- 

mal  evidence  that  both  were  formed,  not  only  of  similar  materials, 

it  also  under  like  conditions.     There  is,  in  fact,  no  lithological  or 

trological  difference  whatever  between  them,  for  both  agree  com- 

eiely  in  composition,  texture,  and  modes  of  occurrence. 

The  statement  that  there  is  no  mineralogical  difference,  will,  of 

arse,  be  understood  to  apply  to  the  least  altered  portions  of  the 

ler  rocks,  for  the  latter  have  generally  undergone  a  very  consider- 

le  amount  of  alteration;  but  the  difference  thus  set  up  between 

em  is  one  which  may  be  readily  recognized  as  due  to  chemical  or 

^  Bei«earches  in  British  Mineralofl;7,  ^^i^-  ^^g**  ▼ol.  xxxiv.  p.  336. 
>  tJntersuchungen  iiber  die  BasaltgeBteine,  p.  198. 
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other  metamorphic  action  sabsequently  to  their  formation.  In  order 
to  acquire  a  knowledge  of  such  facts,  it  is  necessary  to  make  a  on* 
ful  study  of  rocks  in  yarions  stages  of  alteration, — a  study  of  gmt 
interest,  and  of  quite  as  much  importance  as  the  ezaminatioii  of 
specimens  supposed  to  be  unaltered ;  in  fact,  to  select  a  typical  speci- 
men, and  make  a  single  section  of  it,  is  to  leave  off  at  the  beginmng 
of  the  work.  By  making  a  number  of  thin  sections  from  veB- 
selected  specimens,  a  series  may  be  obtained  in  which  all  the  minenb 
are  to  be  seen  in  various  stages  of  alteration ;  and  as  some  of  the 
changes  are  very  characteristic,  it  becomes  possible  to  reoogniae  tha 
original  composition  of  a  rock,  although  it  may  norw  differ  oompletdj 
in  appearance  from  its  original  state. 

Since  I  first  discovered  the  invariable  presence  of  olivine  or  iti 
pseudomorphs  in  the  old  basaltic  rocks  (melaphyres)  of  the  Midland 
Counties,  I  have  extended  my  inquiries  to  the  Scottish  Coal-fields 
and  to  other  formations,  and  have  obtained  ample  oonfirmatioii  of 
previous  observations,  as  well  as  many  additional  facts.  The  evi- 
dence appears  to  indicate  very  plainly  that  there  is  no  esaentiil 
original  difference  between  the  true  eruptive  rocks  of  early  geologiod 
periods  and  those  of  recent  or  Tertiary  age ;  the  later  glassy  and 
trachytic  rocks  are  closely  analogous  to  the  older  pitchstones  and 
porphyrites,  while  the  occurrence  in  Skye  and  other  places  of  granitet 
and  syenites  of  Tertiary  age  affords  equally  strong  evidence  in  the 
same  dirertion. 

Satisfactory  methods  of  investigation  have  been  so  recently  em- 
ployed, that  verj'  much  remains  to  bo  done ;  but  it  is  alrcaily  toler- 
ably clear  that  the  difference  now  found  to  exist  between  the  so-called 
PhUonic  and  the  volcanic  rocks  is  due  to  the  metamorphic  action  to 
which  tho  former  have  been  exposed  during  the  long  periods  wliich 
have  elapsed  since  their  original  formation. 


IV. — The  Butley  Crag  Pits. 
By  Alfred  Bell. 

IN  the  July  Number  of  the  Geological  Magazine  a  well-kuowri 
geulopst  ^  has  endeavoured  to  prove  the  existiince  of  sands  of 
the  Chillosl'urd  age  in  the  Crag  Pits  near  Butley,  referring  more 
especially  to  that  on  the  Neutral  Farm,  near  tho  Oyster  Inn  ;  and  as 
I  cannot  ajrree  with  this  oi>inion,  I  venture  to  laj'  before  the  readers 
of  the  ^Iagazixe  some  of  the  notes  upon  which  I  ground  my  dissent. 

The  accompanying  figure  represents  tho  section  now  presented  by 
tho  excavation  in  ijuostion,  which  has  been  cut  into  a  gently  rising: 
slope  for  nearly  300  feet  in  length,  by  about  35  feet  in  its  deepest 
part.  From  the  extreme  right  of  the  figure  the  side  of  tho  excava- 
tion returns  at  nearly  a  right  angle  to  the  road,  thus  showing  a  crosei 
section. 

Tho  top  of  the  pit  is  covered  with  drift  sand  (full  of  un'nute 
particles  of  quartz),   coiitiining   a   large  number  of  rolled  stones 

»  The  Koljitiun  of  the  Red  to  the  Norwich  Crag,  by  J.  £.  Taylor,  F.G.S.,  Gbol 
Mao.,  July,  p.  314. 
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To.  1).  Bolow  titiis  are  raddish  saadB  passing  downwards  into 
How  (2),  then  into  red  again  (3),  and,  lastly,  a  vein  of  fine  white 
ad  (4),  the  latter  extending  lather  more  than  half  way  across  the 
L  At  *  a  large  mass  of  brownish  olay,  foil  of  casts  of  the  com- 
on  mussel,  and  well-pTeserred  Trodii  {T,  einerariiu),  was  to  be 
an.  The  remains  of  this  fell  down  a  few  days  ago  while  I  was 
STB,  presenting  to  view  the  red  sand  abore  mentioned.  These 
nds,  eto.,  are  about  18  to  20  feet  thiok,  and  are  nearly,  except  where 

contact  with  the  Crag,  totally  devoid  of  organic  remains.     Finely 
mminated  shells  oconr  at  the  lines  of  jonotion. 
Below  these  sands  an  the  Crt^  beds,  the  two  main  portions  (5  and 

being  separated  by  a  singular  deposit  of  sand  ^7),  the  upper  side 

tlie  angle  of  the  sandy  division  becoming  slighuy  foeeiliferous  and 
lae  bedded.  The  beds  {5  and  6)  themselves  are  composed  of  nearly 
vizontal  layers  of  shells,  with  intercalated  beds  of  sand.     A  aeries 

Uyen  of  Qae  sand  and  shelle,  having  a  rapid  dip,  being  the  lowest 
posit  seen.  Unfortunately,  the  Crag  beds  are  largely  covered  by  a 
Ini  of  fallen  sand. 


^Sk-'~  - 

t^ 

.CT:^ 

jflj^Hp* 

— 

^t!!=^ 

^^ 

^ 

" 

fc-'— ^ — ^^_— _-=^ — ..  — ■— 

Sacnciv  or  Pit  on  na  KstrrKU  Farm,  Botlbt,  SmoLx. 

%.  Bed  undi  puibg  gndullT  dmm  Into 
t.  T(U«iudi. 

4.  pDmrhituHd, 
(.BKlCnc.ri 

■iincn 

5.  iiai  of  PnMiwuMT  tneiu. 
(,'l,  (^UIds,  Eut  olt  arUfleiinj  at  tb*  Ub>  •■  t,  to  Uu  liglll  of  wUob  the  loirf  I  put 

of  the  leatijm  ii  Bxpwed. 

The  cross  section  gives  traces  of  considerable  erosion,  bed  6  being 
om  away  several  feet  (behind  the  talus),  and  then  suddenly  rising 
a  height  of  17  or  18  feet  above  the  level  of  the  lowest  Crag  exposed 
I  the  floor  of  the  pit,  and  then  sinking  till  it  ia  not  more  than  5  feet 
.  thickness.  The  summit  of  this  pinnade  is  composed  of  horizontal 
yers  of  finely  comminuted  shells,  with  a  few  perfect  valves,  double 
id  single,  of  N.aeira  ocalit. 

Mr.  Taylor  romiirks  upon  the  absence  of  the  Bed  Crag  shells  and 
«  thorough  Chilleaford  facies  of  the  Upper  deposits.  1  am  not 
»are  that  in  any  deponit  hitherto  assigned  to  the  Cliillesford  pre- 
laoial  stage,  any  of  the  following  species,  which  are  strikingly  lied 
[»g  forms,  have  been  found :  Cardium  venvtlam,  C.  inlerru/ilum  and 
,  angiulatum,  Nucii]a  lircigata,  Oattraaa  laminosa.  Cancttlaiia  tcala- 
•hIm,  Cyprtea  aveltarta,  or  Omda  spelta.   These  are  but  %  {%-«  «xa»a^ 
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the  number  (see  list).  Secondly.  The  Fusi,  if  -waidied  oat  of  aneUff 
bed,  would  have  suffered  the  loss  of  their  apioes.  Thirdly.  Of  d» 
seven  species  quoted  as  being  undoubtedly  Norwich  Ciag  fomi^  ill 
are  common  in  the  cddest  Bed  (or  Middle)  Crag  beds,  and  timr 
occur  in  the  Coralline  (Lower)  Crag  also. 

The  condition  of  the  shells  is  against  the  presumptioa  that  tlMy 
have  suffered  from  being  rolled  about ;  they  are  in  general  TCiy  pv- 
fect,  except  towards  the  extreme  right  of  the  pit,  where  the  gresM 
amount  of  comminution  obtains. 

After  the  Crag  bed  (6)  had  been  deposited  or  beadhed  np,  the  fine 
sand  (7)  was  thrown  down,  this  passing  under  the  Crag  bed  (6).  Ia 
this  Crag  bed  occurs  a  remarkable  horizontal  layer,  about  one  fixit 
thick  (No.  8),  of  fossils,  composed  of  land  and  freehwator  forms  in- 
terspersed amongst  others  purely  marine.  At  present  it  ia  oovsnd 
by  Uie  sandy  talus.  From  this,  and  an  overlying  mass  of  ced  aud, 
several  species  were  procured  (see  list),  many  of  "which  range  into 
the  topmoBt  layers  of  shelly  matter. 

The  greater  part  of  the  Molluscan  fauna  are  of  recent  fonna,  u 
they  also  are  at  the  adjacent  pits  at  Butley  Mill,  and  the  Chillesford 
Stackyard.  This  latter  pit  contains  ScrMcfdaria  piperaia  towaidi 
the  top,  upon  which  the  true  Chillesford  sand  is  superimposed.  Hm 
shell  does  not  occur  to  my  knowledge  at  Butley,  and  its  preeenoe  in 
abundance  implies  a  change  in  the  deptii  and  condition  of  the  liien 
sea. 

Lastly.  To  compare  the  fauna  of  the  Chillesford  sands  at  Chilles- 
ford and  Sudbourn  Church  Walks  with  those  of  the  Butley  NeutnJ 
Farm,  and  Mill  Pits,  the  large  form  of  Mya  truncata,  LucinopsU 
uudata,  Leda  lanceolata  (except  a  large  fragment),  and  Scaiaria  Tw- 
ionis,  have  not  yet  been  obtained  at  either  of  the  Red  Crag  pits 
nieutioned  ;  but  if  the  whole  series  of  Chillesford  shells  are  collated 
witli  those  of  the  earlier  deposits,  it  will  be  found  that  Scalaria  and 
Lucinopais  are  the  only  shells  out  of  nearly  130  species,  peculiar 
to  the  Chillesford  beds,  and  one  Echinus  {E.  Ihidus).  These  cannot 
therefore  be  said  to  have  a  facies  peculiarly  their  own, 

(Jf  the  192  species  in  the  following  list,  not  more  than  20  are  un- 
known in  a  recent  state,  and  a  comparison  of  this  with  the  Chilles- 
ford fauna  will  best  explain  the  reason  why  I  consider  the  Butley 
pits  do  not  contain  deposits  of  Chillesford  age. 

Fossils  from  the  Crag  Pits  at  Butley,  Suffolk. 

t  Peculiar  to  the  "Neutral  Farm*'  Pit. 
*  Peculiar  to  the  Pit  near  the  Mill. 

The  unmarked  species  are  also  found  in  some  other  Red  Ong  Pits. 

Pisces.  BalanuJt  erenatfw, 

jRrtia  (not  antiqt4a).  „     Hameri. 

Zfamna.  „    porcatua. 

Platax  Woodwardii.  Radiatjl 

Annelida.  Rehiuocyamtu  pusillm. 

Ditrupa  gadw,  •   ToxopneuateM  Drohaehitnsis, 

jCbustacba.  Mollusca. 

CtMcer  pagurut,  f  FlanorbU  complanatut. 
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'f  lAwmaa  paltutrit* 

"f      „  „    Tar.  MolMlii. 

^       „    truncatuhu, 
"f*  Mdix  hiapida, 
*f  ^ipa  marffifuUa, 
Mtlamput  pyramiMis, 
.  l^rnBratula  ffrandis  (a  much  w«n» 
talve); 

.Aftomia  iphippittmr 
ft    paUUiformU, 

Jhctsm  nuueimus. 

ff     Optl'lltmOt'tM* 

^    tigrimtt, 

MvtUm  ethUit. 
modioia  modMut, 

y»    tetragtma. 
fidktmeulm  glf^mtrU,- 
Jfumia  kofiffota, 

fi    mieUut. 

„    tmuu. 
JteOa  Cobboldia, 
♦       „    Ifollu, 
f-  ToUKa  hypttbona, 

„    lanofolata. 
•f      „    myalia. 

fkirtUum  anguttatumi 

ff    kevigatuiH  f 

„    eduU. 

y»    inUnvptum. 

^y    ftodotWH, 

ff      WttttUtWMt 

StrriptB  OranUmdicmt- 
JLtieina  bortalU, 
Loripet  dwaricatus, 
IHfiodonia  trigonula, 

„    Totundata^ 
JtilUa  ambigua. 
Scaeehia  elliptiea, 
Cfffprinn  lalandiea,- 
Astarti  eampretta, 

^     inenusata  f 

^    obiiquata, 

n     OnuUiu 
Woodia  digitaria, 
Cardka  eorbis. 

y,    ehanutfarmitr 

ff    tealaris, 

ff    nUcata. 
VeHUt  faseiata, 

„    avata, 
Offth§rea  rudU, 
ArtemU  txoleta. 
Maetra  cumtrieUk 

„    eiliptica, 
ovalU, 


Tfllina  ealcaretf. 
„    obligua, 
n    pratenms^ 

fy      CTU9M, 

Boitnma  taminoaa. 
Sgtidotmga  alba. 
JSolen  tiligma, 
Mya  armaria* 

„    truneatay  (tit.)  pttUut  only. 
Corbula  gibba, 
Corbulomya  eomplanaia. 
Saxieava  Ncrvagiea. 

jf        rugoaa, 
QlgcifMru  Oftgutia, 
PhoUu  erwpata. 


t  Murtx  winaeaui, 

,y    iorfmmn, 

ff    Laehent, 
Gmcellaria  paHeoiO* 
Adm$t4  viridula, 
IkmtM  altm* 

ff       HflllyWNv* 

ff    eontrariui, 

„    cottifirr 

„    graeilia, 

„    SarHi, 
TropKoH  mMrieaiwm, 

„    BartieenH  f 

II  tcalai '  ^onn$m 
Bueeinopiis  Dalii, 
Bueeinum  undaium, 

„    eiliatum, 

„    Qrmnitmdieum, 
IfaiM  granulata, 

„    meraMata. 

„    Miota, 

„    propinqua, 

II        ^nOnWww9w9» 

V  pygmaa. 

II    rHieoaa. 

n    variabUii, 

II    jtMcaMoa* 
Bingieula  ventrieoaa, 
I^ujmra  lapiUua. 

,1    tetragona, 
ColmnbiUa  auleata, 

„    abbreviata, 
DafraiMia  reticulata. 

,1    linearit. 

I,    ptaymrea. 
Flewrotoma  bicarinata, 

,1    Btrtrandii. 

II    eontigua, 

ft    coitata. 

,1        II     (Tar.)  ooaretata, 

II    ejcarata, 
harpularia. 


99 
99 


milnda^ 


99 
99 


aubtruncata* 


II  nebula  t 
I,  nobiUaf 
I,    pgramidaUa, 
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-      turruiUs. 

..     tiUacem  / 
Kc«ftf«  Lathimi. 
CyyrdtM  Emrvpm^ 

Oru*^  $pfUa, 
«     Adriatiea, 

Sathea  bcrealiim 

^     eatfftoida. 
.,     aJffniA. 
..     oceiutm, 
,.     Grctnltmdiea. 

Alderi. 

Jiunimeutu 

Itliinditw. 

tnilUjmneUtm, 

hemielamaa  (ssJV*. 
Cklo*iomia,  s^. 
Chtmtiitzia  inUmodmlm,  and  Tar.< 

pfieatui^. 

eotrtmtmit. 
Cerithium  boreali*  (^rofianMi,  S.W.). 

iricinetwrt. 

retieulatum  f 
Aporrhaia  peB'ptiUani. 
Turritelln  incrasmts, 
Virn.ttHn  ntbeaficeUmttm. 
8e<ilaria  clathratula. 

Graulandxca. 


pmlcMim  (S.  Wood,  Mt 
Fliilqipi). 


jyoeJktuAdm 


9» 


»« 


»• 


»« 


»» 


«« 


»t 


»» 


ff 


!• 


)• 


»f 


Calyptrmm  Chi 

Ttetwra  viryi 
Lepetmettem, 
JDenUlimm  dmimU^ 
AxUttm  tommtilis, 

Cyliekmm 

PbLTZOA. 

AeAars  mmmom. 

Fm^etta  multijUUL 
AcTorosoA. 

BaUnophylUti 

SphttttotneAut  im 
Pbotozoa. 

Cliona  eelata. 


In  a  former  paper,  "  On  the  EngliBh  Crags,  etc.,"  Gbol.  Mao., 
June,  1871,  the  Butley  Crag  was  considered  to  be  a  shallow  water 
deposit  of  the  Upper  Crag,  and  that  near  Shottisham  Creek,  by  the 
river  Deben,  to  be  a  deep  water  one ;  and  in  comparing  the  £umAi 
the  latter,  I  think,  should  be  contrasted  with  that  of  the  Chilleeford 
sbige,  which  I  consider  to  be  indicative  of  much  deeper  water  than 
oitlior  the  Butley  or  ChiUesford  (Scrohtcularia)  pits.  The  following 
H])ocios  do  not  occur  in  the  shallow  water  deposits,  and  are  from  the 
Shottisham  Creek  pit. 

d,  =  double  biyalves. 

Flturotoma  ralvuia, 
CtmopUuru  ereusa  t 
„         elegant  ? 
Erato  lavU. 


d.   Terehratula  grandis  (var.) 
d.  Jiht/nchofiella  ptittacta. 
Pectin  puiio. 
Card  turn  Parkinsofn, 
Cyprina  runtiai, 
Mtictra  arcuata, 
Sytulosmya  obovaiis. 
Oantrochitna  duhia» 
Imus  Largillitrti, 
cor  da  t  us. 
Turf  Oft  is, 
Purpura  htcrauata, 
Ttrebra  inverta, 
Vasaidaria  bicatetiata, 
Columbe/la  Borsmii. 
Pkurototna  ttriolata. 
»  pygMfBum  f 

urotoma  galerita. 


ft 


»» 


»» 


Maugeria 
Cypraa  retusa, 

„       Anglim. 

„       Dtrtonense. 
Cerithiopsis  tubercular^, 
Scalaria  subtdata, 

„     varicosa, 
Trochm  multigranus. 

„     ziziphinus, 
Capulus  unguis, 
militaris. 


»> 


Homera  infundibulata, 
Lunuliics  conioa. 
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P.S.  While  I  am  upon  the  Crag  formations,  I  shall  beg  leave  to 
refer  to  the  Palnontology  of  two  papers  in  the  September  Number  of 
he  OkoiiOGical  Magazine  by  Dr.  Morch,  and  Mr.  S.  Y.  Wood,  jun. 

I.  Dr.  Morch's  paper  on  the  MoUusca  of  the  Crag-formation  of 
Loeland. 

No.  4.  Natiea  varians.  The  Crag  shell  so  named  I  am  inclined  to 
«fer  to  Brocchi's  N,  heUieinat^  on  the  authority  of  the  Marquis  Monte- 
t)eata,  to  whom  I  submitted  some  Italian  shells  corresponding  with 
hose  of  the  Crag.  It  is  not  N.  horealis  of  Gray,  which  is  a  high 
krctic  form  of  N.  Orcenkmdtca,  and  a  Crag  shell.     (See  Butley  list.) 

No.  5.  Natiea  hemtdauaa,  Sow.,  except  in  size,  cannot  be  distin- 
guished from  a  living  Mediterranean  shell,  N,  maeilefUay  Phil. 

No.  6.  Natiea  occlusa,  S.  Y.  Wood,  not  Winkler. 

No.  16.  Fmus  Olaviiy  Beck.,  var.  Spira  Umga,  is  probably  the  shell 
or  which  I  have  suggested  the  name  F.  cordaius. 

No.  20.  Naasa  monenria,  Forbes.  The  figure  of  the  type  shell 
wsa  not  given,  and  the  type  specimen  itself  is  lost  The  determination 
)i  the  species  in  the  English  Crag  rests  upon  Forbes's  identification, 
rhe  Crag  shell  is  not  unlike  some  forms  of  Philipprs  polymorphous 
VI  varidhiliB, 

Dr.  Morch  is  in  error  in  assigning  to  the  English  Crags  the  foUow- 
ng  forms :  Patella  peUncida,  Vyrtodaria  ailiquaf  Astarte  crebricosta. 
md  Modiolaria  nigra. 

From  the  matrix  of  several  specimens  of  Icelandic  Crag  (?)  fossils 
dndly  given  me  by  Dr.  Mdrch,  and  the  fact  that  most  of  the  species 
"eoorded  in  his  list,  which  are  not  fossil  in  the  English  Crags,  such 
m  Natiea  aperla,  Tritonium  Tottenniy  T,  scalariformef  Cyrtodarta 
iUqua,  etc.,  are  Northern  forms,  I  am  inclined  to  refer  this  very 
nteresting  deposit  to  a  much  later  period  than  the  age  of  any  of  our 
Bhglish  Crags. 

IL  Mr.  S.  Y.  Wood,  jun.,  Sequence  of  Glacial  beds. 

Nuetda  Cobholdim  and  Aatarte  Omalii,  quoted  as  both  extinct  species. 
rhe  former  is  an  inhabitant  of  the  Japanese  seas,  and  is  described  by 
Dr.  Gk)uld  (Otia.  Conch,  p.  175)  as  N.  insignia.  The  opportunity  of 
x>mparing  the  Japanese  and  the  Crag  shells  I  owe  to  the  kindness  of 
Ifir.  Jeffireys. 

AeioTte  OmaUi'^A.  undulata,  Gould,  living  in  Massachusetts  Bay, 
»tc 

Cardita  eorhia  is  a  native  of  N.W.  America.     P.  P.  Carpenter. 

Lastly.  Does  not  the  presence  of  Melampus  pyramidalia,  Turritella 
mer€U8ata,  and  Nasaa  aemiatriata  (or  labioaa)  in  the  Wexford  drift, 
point  to  an  age  nearer  the  Ghillesford  pre-Gladal  stage  than  to  a 
UKker  period. 

>  The  iV.  helicma  of  Brocchi  is  amugiifld  to  N.  eatena  bf  Mr.  Jeffireys,  and  to  N, 
•Hda  by  some  Italian  natnralists.  Michelotti  fiffures  a  specimen  of  N.  miU$punetata 
JT.  ktUeinoy  and  Philippi  also  figures  another  (f)  species  under  firocchi's  name ! 
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Y. — On  the  Silubiak  Bocks  of  the  Countijes  or  Bozbubgh 

AND  Selkibk.^ 

Bj  C.  LAFWoum  tnd  Jab.  Wilson. 

FR  the  lost  three  summerR  we  have  devoted  the  gTBater  part  of 
our  leisure  time  to  the  examination  of  the  Silarian  Bocks  that  lie 
more  immediately  between  the  Moorfoot  Hills  and  the  Rnglish  border. 
Our  investigations  have  been  attended  with  a  fiedr  amount  of  auooeo. 
and  we  thought  that  a  short  summary  of  what  we  have  aooomplished 
would  not  be  wholly  uninteresting  to  the  (Jeolo^cal  Section.  As 
these  old  Silurian  strata  of  the  South  of  Scotland  have  only  beea 
once  alluded  to  in  the  papers  already  read  at  the  Meeting — namely, 
by  the  Chairman  in  his  eloquent  address — we  may  be  pardoned  if  ve 
say  a  few  preliminary  words  concerning  them. 

These  Silurians  fill  up  almost  the  whole  extent  of  Scotland  that 
lies  to  the  south  of  the  great  central  Garboniferoos  basin,  and  stretdi 
uninterruptedly  from  sea  to  sea,  forming  the  largest  area  of  unaltered 
Silurian  in  the  British  Isles.  The  investigation  of  these  rocks  is  at- 
tended by  almost  insurmountable  di£Boulties.  In  the  district  to  bo 
described,  the  beds  are  folded  and  contorted  in  the  most  remarkable 
manner,  so  that  it  is  possible  to  walk  for  a  mile  across  the  dip  where 
the  rocks  are  well  exposed — as,  for  instance,  in  the  beautiful  glen  of 
the  Yarrow,  l>e]ow  tlie  old  peel  of  Newark — without  ascending  or 
descending  more  tlmn  three  hundred  feet  in  the  order  of  the  beds, 
and  this,  when  the  rocks  are  pitching  at  angles,  varying  from  80°  to 
tbo  perpendicular.  All  these  old  strata  have  pretty  much  the  same 
lithological  character  throughout;  there  are  no  limestones,  sc^ircely 
any  couglomcrates,  and  only  one  constant  easily  recognizable  brd 
among  thorn  ;  and  not  only  so,  but  previous  to  our  labours,  scarcely 
any  fossils  had  been  discovered,  except  in  a  few  isolated  spots,  from 
which  tlie  ap^o  of  these  ancient  sediments  could  be  determined.  With 
all  these  difHculties  in  the  way  of  their  investigation,  there  can  be  no 
wonder  that  these  rocks  have  been  neglected  by  geolog^ts  for  tlie 
younger  and  more  promising  formations,  and  that  the  Government 
Geological  Survey  have  been  forced  to  colour  all  the  beds  of  this 
district  already  surveyed  of  a  uniform  purple  tint.  Nevei-theless, 
much  has  already  been  done,  and  well,  and  the  well-known  luuues 
of  Murchison,  Nicol,  Harkness,  and  G^eikie,  are  only  the  first  of  a 
long  aiTay  of  those  who  have  laboured  long  and  devotedly  among 
them. 

Small  portions  of  the  district  more  particularly  examined  by  us 
were  described  by  Professor  Nicol,  in  papers  read  before  the  Greolo- 
gical  Society  of  London,  and  published  in  volumes  iv.  and  vi.  of 
their  journal. 

He  discovered  QraptoUten  Griestonensis  (Nicol),  0.  Sedgmchi 
(M*Coy),  and  G,  priodon  (Brown)  in  the  Grieston  Slates,  and  a 
peculiar  form  he  called  Graptolites  laxa  in  the  Thomilee  Quarry. 
He  mentioned  the  fact  of  dark  schists  with  carbonaceous  markings 

^  Bead  before  Section  G  of  the  BritiBh  AnociatioD,  Edinburgh. 
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oocnrring  in  the  flanks  of  Emton  Fell  in  Liddesdale,  and,  arguing 
from  lithological  characters  alone,  considered  that  some  of  the  beds 
to  the  south  of  Hawick  were  of  Upper  Silarian  age ;  bnt  in  a  section 
exhibited  by  him  at  the  meetuig  of  the  British  Association  at  Belfast 
in  1852,  and  afterwards  published  in  Sir  Boderick  Murohison's  Siluria, 
he  relinquished  this  opinion,  and  held  that  the  Southern  beds  were 
of  the  age  of  those  associated  with  the  Moffat  Anthracite. 

l^e  Geological  Surrey  of  Scotland  published  maps  and  explana- 
tions of  much  of  the  northern  portion  of  the  district  In  Berwick- 
shire, OraptoliteB  priodon  was  discovered  at  Byreoleuoh,  in  Headshaw 
Bum  black  shale  with  Dip.  prtsHa,  and  also  on  the  sides  of  Browbeat 
Big,  in  Peeblesshire.  No  eyidenoe  was,  however,  obtained  by  which 
the  strata  could  be  split  up,  and  the  whole  of  the  Silurians  mapped 
were  coloured  in  one  uniform  tint. 

This  is  the  sum  of  what  was  known  of  the  district  before  we 
began  our  investigations,  and  that  which  is  additional  in  this  paper 
is  mainly  the  result  of  our  own  labours. 

In  an  able,  and  at  that  time  exhaustive  paper  on  the  Silurians  of 
South  Scotland,  by  Professor  Qeikie,  published  in  the  third  volume 
of  the  Transactions  of  the  (Geological  Society  of  Glasgow,  the  fol- 
lowing sub-divisions  of  the  strata  were  reoognissed  ^— 

1.  The  purple  schists  of  Eskdale-muir. 

2.  The  thin  bedded  flags  of  Qlenkiln,  etc. 

3.  The  grey  wackes  and  shale  of  Moffiit. 

4.  The  thick  grits  of  the  Broad  Law  and  Innerleithen. 

5.  The  Wrae  and  Winkstone  beds. 

6.  The  blue  grits  and  shales  bordering  the  great  Oarboniferous 
basin. 

7.  The  Girvan  beds. 

8.  The  upper  Silurians  of  Kirkcudbright 

Our  divisions  are  in  effect  the  same  as  those  of  his.  Our  plan, 
however,  has  been  to  name  the  several  groups  of  strata  after  the 
towns  near  which  they  attcdn  tiieir  greatest  development,  and  thus 
we  have  in  our  country : — 

1.  The  Hawick  rocks. 

2.  The  Selkirk  beds. 
8.  The  Moffat  series. 

4.  The  Gala  group. 

5.  The  Bicoarton  beds. 

Nos.  1,  2,  8,  answer  to  Professor  Geikie's  divisions  1,  2,  and  8 
respectively.  The  Gala  group  embraces  his  divisions  Nos.  4,  5,  6, 
and  possibly  also  the  greater  port  of  No.  7,  while  the  Biocarton  beds 
are  l3ie  exact  equivalent  of  his  No.  8. 

It  is  well  known  that  these  Silurian  beds  of  South  Scotland  dip 
away  from  an  anticlinal  line  that  runs  in  a  N.E.  direction  from 
Dumfries  to  Berwick,  and  that  the  rocks  lie,  as  a  whole,  in  an  as- 
cending order  as  we  proceed  in  a  N.E.  or  S.W.  direction  at  right 
angles  to  this  line. 

Taking  advantage  of  this  faot>  we  will  briefly  describe  the  strata 


458    Lapworth  Sr  ITibot^—ailurian  BodkM  of  lUml^^ 

as  they  ooour  in  this  way,  first  to  the  Dorth»  then  to  the  soath,  of  this 
axis : — 

1.  The  Hamck  Bock$. — ^The  great  antidixial  and  the  beds  for  a  few 
miles  on  either  aide  consist  in  this  distriot  of  very  arenaoeovis  grey 
and  purple  sandstones  and  schists.  The  purple  colour  ia  moat  con- 
spicuous in  the  west  between  Dumfries  and  the  dreary  uplands  of 
Eskdale-muir,  but  dies  almost  entirely  to  the  east,  where  we  find  the 
prevailiDg  tint  is  a  dull  brownish  grey.  These  strata  are  best  seen 
on  the  hills  to  the  north  of  the  town  of  Hawick,  where  their  up- 
turned edges,  which  are  singularly  bare  of  soil  or  clay»  have  been 
cut  and  carved  by  the  old  ice-sheet  into  narrow  streamleas  valleys, 
sometimes  closed  at  one  end  by  an  abrupt  cliff  of  rock  overhanging 
a  lonely  tarn. 

Professor  Harkness  found  the  track  of  a  Crustacean  in  these  beds 
at  Bittks,  a  few  miles  to  the  south  of  the  axis.  We  have  ourselves 
detected  Proiovirgvlaria  and  Anndide$  within  a  mile  of  it ;  but  our 
friend  Professor  Elliot  of  Gk>ldielands,  who  has  devoted  himself  to 
the  careful  investigation  of  these  strata,  has  met  with  much  greater 
success,  and  has  procured  specimens  of  worm-tracks,  Are»ieolit6$, 
Protichnites  triehoidsi,  rain  prints,  ripple  markings,  and  those 
peculiar  forms  called  plants  by  some  of  the  American  geologists,  in 
great  variety  and  abundance. 

These  ancient  rocks  bear  a  strong  resemblance  both  in  their  lithe- 
logical  characters  and  in  their  fossil  contents  to  the  Cambrians  of  the 
Longmynd,  but  they  are  very  probably  of  later  age. 

2.  The  Selkirk  Beds, — As  we  proceed  farther  from  the  axial  line, 
the  arenaceous  character  of  the  rocks  is  gradually  lost,  and  we  pass 
insensibly  upward  into  a  great  thickness  of  fine  grained  grits,  flags, 
and  shales  of  a  very  light  grey  or  greenish  colour.  The  whole  of 
the  beds  are  much  crumpl^  and  jointed.  The  thicker  strata  are 
usually  veined  with  calc-spar..  some  of  the  veins  being  more  than  a 
foot  in  thickness.  Almost  every  joint  is  coated  with  the  same  sub- 
stance, and  this  gives  the  whole  set  of  strata  a  veiy  peculiar  ap- 
pearance.  These  rocks  cover  a  large  tract  of  country  to  the  west  of 
the  Hawick  rocks,  which,  however,  gradually  decrease  as  we  proceed 
to  the  south-west,  where  we  have  found  that  the  Selkirk  and  Hawick 
beds  slowly  die  away  to  a  point  between  the  Upper  Siliuian  and 
Moffat  beds  of  Kirkcudbright 

We  have  only  procured  a  couple  of  species  of  ProiovirgtilaricLj  a 
Crustacean,  and  a  few  Annelides  from  these  rocks ;  but  the  beds  look 
very  promising  in  places,  and  we  expect  a  much  richer  harvest  in  the 
future. 

3.  The  Moffat  aeries, — Immediately  to  the  north  of  the  Selkirk  beds, 
we  reach  another  set  of  strata  of  a  little  more  inviting  appearance. 
It  consists  of  thick  and  thin  beds  of  greywackes  and  shales  of  a  dark 
grey  or  greenish  colour,  often  weathering,  especially  where  it  little 
altered,  of  a  brownish  or  yellowish  colour.  The  great  feature  of  the 
series,  however,  is  the  bed  of  anthracitic  shale  at  its  summit.  This 
band  is  of  incalculable  assistance  to  us  in  working  out  the  order  of 
this  portion  of  the  system,  aa  it  seems  to  be  continuous  from  sea  to 
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VLf  and  appears  to  retain  very  mnoh  the  same  GharaoteriBtios  through- 
iit  the  whole  length  and  breadth  of  the  northern  slope.  It  is  beauti- 
illy  developed  in  the  neighbourhood  of  MofiEat  In  one  plaoe, 
kretohing  in  an  unbrokein  and  slightly  undulating  line  of  ten  or 
nrelve  imles,  afterwards  let  down  by  little  faults  that  out  it  entirely 
at  at  irregular  intervals;  in  a  seoond,  folded  in  suoh  a  way  that  the 
utcrop  maps  a  number  of  sub-parallel  inosculating  lines ;  in  a  third, 
iiown  as  a  long  fusiform  patch  peeping  from  a  denuded  anticline,  or 
)ft  snug  in  the  hollow  of  a  synclinal  fold.  The  mineral  character 
f  this  bed,  the  deep  black  shale  loaded  with  graptolites,  and  the 
allow  or  white  mud-stones,  all  disfigured  by  stains  of  oxide  of  iron, 
>  clearly  mark  the  bed,  that  it  is  picked  out  at  once  from  the  sur- 
)unding  strata.  These  shales  and  mud-stones,  where  they  are 
oaltered,  are  easily  destroyed  by  the  elements,  and  their  position 
i  frequently  marked  by  a  deep  jred  gash,  oonspieuous  agsonst  the 
Birk  heather  high  up  on  the  mountain  side,  and  visible  at  a  great 
istauce.  It  is  the  metropolis  of  the  Graptolites  in  Scotland,  and  is 
lunmed  with  a  great  variety  of  pectdiar  species — the  majority  of 
lem,  in  fact»  being  unknown  in  beds  of  later  age. 

In  the  St  Mary's  Lake  districts,  the  Douglas  Bum,  the  Upper 
^eed,  and  in  the  Holms  Water,  we  ascertained  that  these  beds 
)me  up  again  and  again,  and  almost  the  whole  of  the  country  in 
lat  direction  must  consist  of  beds  of  Moffat  age;  but  the  ground 
ley  occupy  in  the  district  we  are  describing  is  comparatively  smalL 
Te  find  them  in  two  distinct  areas — one  to  the  north,  the  other  to 
lo  south,  of  our  Gala  group.  To  the  south,  they  succeed  at  once  to 
le  Selkirk  beds,  and  contain  a  couple  of  lines  of  the  anthracite 
md — one  running  from  the  rapids  of  the  river  at  Ettrick  Bridgend 
T  about  four  miles,  till  it  is  lost  under  the  gravel  of  the  Ettrick, 
9ar  Selkirk ;  the  second,  emerging  from  below  the  G^a  beds  at 
ttrickbank,  is  continued  in  a  broken  line  through  Linde£m,  the 
^mantic  dingle  of  the  Rhymer's  Glen,  and  Melrose,  tiU  it  plunges 
meath  the  Old  Bed  Conglomerate  near  Leaderfoot.  It  thins  out 
>ry  rapidly,  however,  in  Siis  distance,  being  only  about  a  few  feet 
ick  at  its  termination.  We  have  detected  in  these  bands  a  great 
UDQiber  of  the  Mofiat  fossils,  including: — 

9ipAonoireta  misula,  MKyOj.  €Radograp9Ui  eapiliari»,  Oarr. 

d.€frotreta  JiicAoUoni,  Dvndaon,  Seliocograptm  graeUM^  Hall. 

Dieranograpsua  ramotus,  D,  textanty  HalL  Dipiograptm  prittiSf  His. 
Oicellograpsus  Forehammeri,  Gein.  „  WhitjUldii^  Hall. 

„  MoffixtentU,  Carr.  „         vetieuhautj  Nich. 

Tindoffrtipsus  Un$arii,  Carr.  OHmaeograpmu  tiritimtuUut  Hii. 

1  a  few  other  peculiar  Moffat  species,  but  the  beds  are  usually  so 

Lshed  and  altered  that  they  can  only  be  procured  in  very  small 

gments. 

The  whole  Moffat  series  then  «inks  below  the  (Jala  beds,  after- 

xds  to  be  described,  and  comes  to  the  surface  again  along  the 

ribem  edge  of  the  Silurian. 

We  liave  found  here  three  distinct  lines  of  the  anthracitic  band 
ming  approximately  parallel  and  pretty  dose  to  each  other. 
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One  goes  very  near  to  the  great  fault  from  the  north  slope  of  tiiB 
Moorfoots  to  the  Gala  near  Heriot  Station ;  the  seoondt  from  tbs 
centre  of  Blaekhope  Bom,  down  the  lower  course  of  the  Herat 
water ;  while  a  third  cats  through  the  high  groond  at  the  sooroei  of 
the  Leithen  and  South  Esk.  These  heds  are  i&uch  altered  iiid 
cruBhed.  hut  we  have  obtained  a  great  number  of  Moffiat  Graptolitei 
from  each  and  all  of  them,  more  especially  frxnn  Browbeat  Bigi 
where  the  fossils  are  most  nvmeroos  and  in  the  best  preeenration. 

From  the  northern  line  we  obtained  i — 

Jh'picffmpgtu  pristiMj  Hit.  Diplogrtptiu  tetieuloaugj  and  a  XMcrMMyr^NM. 

Ciimmeograpiut  terttiu9aiim$f  His. 

From  the  middle  band : — 

Jhp/cffr«p9Ugpn4tis,  His.  Dipiogmpam  tmrnmrisetts, 

M        vttiatloMUf  Nicb.  Cladograpnu  linearis^  Gair.,  etc; 

While  the  third  line  has  yielded  in  addition : — 

Dic^nograpim  ramottu^  HalL  IHcdl^grapnu  MorrMi, 

Dictlhtgraptus        n        >P*  n  MoJkUmMia,  Canr. 

and  a  few  others. 

The  Gala  Group. — Lying  in  the  irregular  trough  formed  by  these 
two  appearances  of  the  Moflat  rocks,  we  find  an  entirely  distinct 
series  of  strata  of  a  very  varied  lithological  ohamctery  and  known  to 
us  as  the  Ghila  group.  We  made  out  enough  of  the  fossils  of  these 
beds  in  1869,  to  see  that  they  formed  a  fauna  clearly  separate  and 
distinct  from  that  of  Moffat,  and  our  discovery  was  published  in  a 
paper  read  beforo  the  Geological  Society  of  Edinbui^h,  ia  Maidi, 
1870.*  At  that  time,  our  investigations  had  been  confined  to  the 
beds  in  the  neighbourhood  of  Galashiels,  but  we  have  since  examined 
a  great  deal  of  the  country,  both  to  the  west  and  north,  stiU  finding 
the  same  fossils.  In  that  paper,  we  split  up  the  beds  as  known  to 
us  into  four  portions,  which  were,  however,  almost  entirely  geogra- 
phical, and  were  only  useful  as  an  index  of  the  localities  of  the 
different  fossil  forms.  Although  we  have  expended  a  great  amount 
of  labour  on  the  group  since  that  time,  we  tliink  that  it  would  be 
rash  were  wo  to  attempt  to  give  any  sub-divisions  at  present,  though, 
with  such  well-marked  differences  in  the  stmta,  we  are  of  opinion 
that  it  ivill  soon  be  possible  to  split  up  the  formatioir. 

The  usual  type  of  rock  is  a  grey  thick-bedded  grit,  separated  by  a 
seam  or  bed  of  shivery  shale,  but  there  are  large  areas  of  purple 
sandstones  and  mud-stones,  and  thick  beds  of  grey  shale,  together 
with  masses  of  pebbly  grit  and  conglomerate. 

One  of  the  lines  of  pebbly  grit  runs  for  a  mile  or  two  close  to  the 
north  of  the  town  of  Galashiels,  while  a  second  appears  to  underlie 
the  Grieston  Slates  from  the  head  of  the  Douglas  Bum  almost  to 
the  town  of  Stow,  a  distance  of  fourteen  miles.  It  consists  in  its 
typical  form  of  a  coarse  grey  grit,  containing  large  nests  or  heaps  of 
pebbles,  rounded  and  angular,  tliat  often  weather  out,  and  leave  a 
honeycombed  rook  of  a  peculiar  appearance.  It  is  seen,  however, 
in  some  places  entirely  without  these  pebble-beds,  and  bears  only  a 
largo  solitary  stone  here  and  there. 

^  See  Gbol.  Mao.,  1870,  Vol  VII.,  p.  204,  PL  VIII.,  and  p.  279. 
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There  is  also  another  oonglomerate  made  up  of  millions  of  little 
white  quartz  pebbles,  very  like  that  of  the  Winkstone  Quarry,  and 
"whioh  is  traoeable  in  four  distinct  lines  to  the  north  of  the  pebbly 
grit  This  conglomerate  contains  both  rounded  and  angular  pieces 
of  the  Mofat  shale,  often  full  of  its  characteristic  graptoUtes.  Some 
of  these  fragments  are  much  altered,  and  full  of  little  quartz  veins, 
and  exactly  resemble  the  little  pebbles  of  the  altered  Moffat  shale 
now  found  in  the  bums ;  proving  that  in  some  localities,  at  least, 
the  anthracite  beds  must  have  been  hardened  into  rock,  upheaved, 
and  greatly  altered  before  this  conglomerate  was  deposited.  The 
first  line  appears  to  cap  the  Grieston  slates  throughout,  the  second 
runs  across  the  hill  tops  between  Fountainhall  and  the  Luggate 
-water,  for  a  distance  of  six  or  seven  miles.  The  third  appears  a 
little  to  the  north  of  this,  and  at  the  oottage  of  Ladyside,  and  the 
fourth  runs  parallel  with  the  anthracite  down  the  souUi  bank  of  the 
Heriot  There  are  also  thin  bands  of  carbonaceous  shale  that  run 
on  for  many  miles,  more  especially  towards  the  bottom  of  the  group. 

The  fossils  of  the  Gtda  group  include : — 

JHplograptut  pahmut,  Barr.  Oraptoiitkut  iocialit  (n-  sp.). 
„        buttatutt  Salter.  „         g$mmatm*t  Barr. 

Ort^iolUhua  priodon,  Bronn.  RtuiriteB  Zmnai^  Barr. 

„         eolonus^  Barr.  BttioUtet  CMnitxiaHut,  Barr. 

„         Sedgunekii,  M*Ooy.  „        cbenu  (n.  sp.), 

„  loii/trus,  M'Coy.  Ceraiioearii  (2  qpecies). 

„  Salter^  Gfeinitz.  Aptyekoptia  (2  species). 

„  OriesUmensiSf  Nicol.  liitoearia  apiyehoidta, 

„  Niiuoni,  Barr.  Annelida,  sueh  as  Orotaopadia, 

„  iurrietUatus,  Barr.  NertitM,  and  many  others. 

The  fauna  is,  as  a  whole,  remarkably  different  from  that  of  the 
Moffat  series.  About  9-lOths  of  the  Graptolites  of  the  anthracitio 
band  have  disappeared,  the  branching  forms  all  extinct,  and  their 
place  is  usurped  by  the  mono-grapsus,  which  is  specifically  unimpor- 
tant in  the  Moffat  beds.  This  change  is  very  sudden,  as  nearly  the 
whole  of  the  peculiar  Gala  forms  may  be  collected  within  a  few 
yards  of  the  anthracitic  band  itself^  both  in  the  neighbourhood  of 
Gralashiels,  and  apparently  also  on  the  Douglas  water.  The  great 
alteration  in  the  fauna  cannot  be  due  to  a  change  in  the  condition  of 
the  sea-bottom,  for  the  beds  from  which  the  lowest  Gkla  species  are 
obtained  are  black  carbonaceous  shales,  of  a  foot  or  two  in  thickness, 
with  an  out-crop  that  seems  to  be  continuous  for  nine  or  ten  miles  at 
a  stretch. 

The  great  majority  of  ihe  Gala  species  run  from  the  base  to  the 
summit  of  the  group,  proving  the  unity  of  the  whole,  but  rendering 
it  utterly  impossible  to  subdivide  the  strata  by  means  of  the  fossils. 

For  these  and  many  other  reasons,  which  time  will  not  allow  us 
to  discuss  here,  we  consider  that  the  Gala  group  is  a  distinct  and 
single  division  of  the  Silurian  rocks,  commencing  immediately  above 
the  anthracite  bed  of  the  Moffat  series. 

One  fact  should  here  in  honesty  be  stated  concerning  the  Gala 
beds.  The  rocks  of  the  group  to  the  north  of  the  Grieston  slates 
have,  as  a  whole,  a  different  appearance  from  those  lying  to  the  south 
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of  that  line ;  but  this  needs  mnch  fuller  inTestigation.  At  one  timOi 
we  were  of  opinion  that  the  Gkda  beds  lested  unoonformably  npon  the 
Moffat  rocks,  bat  we  haTo  been  compelled  to  give  np  this  theory  for 
the  southern  area  at  least ;  but  there  are  many  facts  in  the  north 
that  appear  to  us  utterly  inexplicable,  unless  we  admit  a  sli^ 
unconformabUity  or  an  OTerlap. 

Betuming  once  more  to  the  great  anticlinal  from  which  we  started, 
and  proceeding  thence  up  the  strata  as  before,  but  this  time  in  a 
southerly  direction,  we  find  the  Selkirk  beds  coming  in  their 
proper  place  upon  the  Hawick  Bocks,  and  containing  Prai^irgulanaf 
FhyUopada,  and  Armedides :  but  instenad  of  the  Moffieit  beds  following 
them,  we  have  a  thick  series  of  rock  of  quite  a  different  aspect,  whidi 
are  called  by  us  the  Biccarton  beds,  and  are  of  Upper  SUnrian  age. 
We  made  the  discovery  in  the  spring  of  last  year,  and  a  paper  by 
one  of  us  upon  the  subject  was  read  l^fore  the  Geological  Section  of 
the  British  Association  at  Liverpool. 

These  rocks  are  found  in  five  separate  areas — 

1.  In  the  well-known  tract  of  country  to  the  south  of  the  town  of 
Kirkcudbright. 

2.  To  the  south  of  the  granite  area  of  Criffel  and  Dumfries. 

3.  In  a  long  stretch  of  country  extending  from  a  point  near 
Lockcrby  to  the  Old  Bed  Sandstone  near  Stobbs  Oastle. 

4.  In  a  large  inlier  surrounded  by  Old  Bed  Sandstone  and  Car- 
boniferous, and  reaching  from  the  village  of  Oxnam,  near  Jedburgh, 
to  Emton  Fell  on  the  Liddel. 

5.  In  a  small  patch  at  the  head  of  the  Kale  Water,  high  up  among 
the  porphyries  and  limestone  of  the  Cheviot  Hills. 

The  northern  boundary  of  these  rocks  seems  to  form  an  almost 
exact  straight  line  parallel  with  the  average  strike  of  the  Lower 
Silurian.  It  is  very  probably  a  fault,  though  we  are  unable  to  prove 
this. 

The  strata  in  these  districts  are  lithologically  identical  with  those 
of  Kirkcudbright.  They  consist  of  grit  and  shale  not  unlike  those 
of  the  Lower  Silurian,  but  there  are  hundreds  of  little  bands  of  car- 
bonaceous schist  full  of  Graptolites,  always,  however,  in  a  very  bad 
state  of  preservation.  The  whole  set  of  beds  are  very  calcareous, 
more  especially  the  dark  shales. 

The  fossils  are — Rhyncltonella  nucula,Orthocera8  tenuicinctnniyO.  ibex, 
O.  tracheale,  Chrapiolithus  priodon,  G,  colonus,  and  Flemingiij  together 
with  many  forms  of  Phyllopoday  etc.,  such  as  Ceratiocaris  and 
Aptychopshy  and  possibly  Pterygotns,  We  have  also  found  specimens 
of  ( 'yrtograpsns,  Ptilograpsm,  and  Inocaulis,  genera  new  to  Scotland. 

Thus,  in  the  country  examined  by  us,  there  appears  to  be  ^ve 
distinct  and  separate  groups  of  Silurian  strata,  the  first  two  differing 
in  lithological  characters  alouo,  none  of  the  fossil  forms  found  in 
them  being  of  any  value  in  estimating  their  age. 

The  superior  groups,  however,  contain  a  great  numl>er  of  fossils, 
and  their  place  in  the  Silurian  system  can  be  approximately  ascer- 
tained. ITio  number  of  si)ecies  known  to  us  has  not  been  made  up 
without  a  very  large  amount  of  labour  and  research.     When  it  is  re- 


MM 


Laptcorth  d  Wthon — Silurian  Rocks  of  Roxburgh  A  Selkirk,     463 

membered  that  the  ofBoers  of  Uie  Geological  Sarvey,  wiHi  all  their 
experience,  mapped  the  whole  of  Haddington  and  the  North  of 
Berwic^hire  without  detecting  more  than  two  Graptolites  in  the 
whole  of  the  Gala  beds  of  that  district,  and  added  but  a  single 
species  in  Peeblesshire  to  our  Grieston  Fauna — when  it  is  known 
that  the  most  careful  examination  of  the  large  tracts  is  often  entirely 
fruitless,  and  that  the  majority  of  the  fossil  beds  only  yielded  up 
their  remains  after  having  been  examined  without  result  again  and 
again — the  interest  and  value  of  the  fossils  yet  obtained  is  seen  to  be 
very  great. 

We  have  made  out  about  forty  species  from  the  Moffat  series,  a 
little  less  from  the  G^a  group,  and  only  about  a  dozen  as  yet  from 
the  Kiccarton  beds. 

An  examination  of  these  fossils  shows  us  the  enormous  predomi- 
nance of  the  Graptolites.  These  peculiar  creatures  have  never  yet 
received  the  attention  they  deserve,  and  those  of  Britain  have  been 
treated  so  carelessly  that  the  real  horizon  of  some  of  the  species 
cannot  be  even  guessed  at. 

Enough,  however,  is  known  of  their  localities  in  the  North  of 
England,  in  Bohemia,  and  in  North  America,  to  enable  us  to  speak 
pretty  confidently  as  to  the  range  of  many  of  the  forms  in  the 
Silurian  system,  and  to  fix  approximately  at  least  the  age  of  the 
Grala  and  Moffat  formations. 

It  would  greatly  lengthen  this  paper  were  we  to  lay  all  the 
evidence  before  you  in  order,  but  it  is  sufficient  for  our  present 
purpose  merely  to  state  the  conclusions  at  which  we  have  arrived. 

A  careful  comparison  of  the  Moffat  Graptolites  with  those  of  otlier 
countries  has  convinced  us  that  these  beds  should  be  classed  with 
the  Utica  Slate  and  Hudson  River  Group  of  North  America  and  the 
Qraptolite-bearing  schist  of  Wexford  and  Waterford  ;  in  other  words, 
that  they  are  of  Bala  age,  or  bridge  over  the  gap  between  the  Bala 
and  Llandeilo. 

The  fossils  of  the  Gala  Group  lead  us  to  place  it  high  in  the 
Lower  Silurian,  and  to  believe  that  it  is  very  probable  that  some  of 
the  higher  beds  are  of  Upper  Silurian  age.  Its  fauna  approximates 
most  closely  to  that  of  the  Coniston  mud -stones  of  Cumberland  and 
Westmoreland,  and  which  are  placed  by  the  Geological  Survey  of 
England  at  the  base  of  the  Upper  Silurian ;  it  has  also  a  very  close 
relationship  to  that  of  Barrande*s  Colonies  and  the  band  E.  e.  1,  the 
last  of  which  is  also  classed  with  the  Upper  Division. 

Such,  then,  is  a  summary,  as  short  as  we  can  make  it,  of  the  work 
already  done  by  us  in  these  old  sedimentai-y  deposits ;  very  little,  it 
is  true,  in  comparison  with  what  yet  remains  to  be  done  in  the  future, 
but  enough  to  encourage  us  to  persevere. 

We  have  purposely  abstained  from  comparing  the  structure  of  this 
district  with  that  further  to  the  west,  leaving  the  task  to  those  who 
are  more  familiar  with  that  country.  We  believe  that  our  sub- 
divisions (which  are  those  into  which  our  strata  naturally  fall),  for 
this  district  at  least,  will,  in  effect,  ultimately  be  adopted.  We  hold 
that  our  Upper  Groups  can  be  separated  from  each  other,  even 
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lithologioally,  bat  more  oertainlj  and  effectually  by  their  ^omSk, 
which  our  paper  shows  only  need  a  little  extra  perseverance  to  be 
detected  almost  everywhere.  It  may  be  urged  that  if  we  draw  the 
lines  of  separation  at  the  horizons  mentioned,  these  boundaries  will 
have  as  strange  an  appearance  on  the  map  as  a  diagram  of  the  ooa- 
tortions  to  which  their  irregularaties  are  due.  But  for  the  purpose 
of  science,  the  strata  must  be  separated,  if  not  in  the  present,  then 
in  the  future,  and  wherever  the  divisional  lines  may  be  drawn,  the 
same  difficulties  will  occur. 

One  thing  is  plain  from  the  large  list  of  fossils  -we  have  dis- 
covered— all  that  is  necessary  is  careful  untiring  work  amongst 
these  strange  old  strata,  and  these  will  in  time  fall  into  their  proper 
groups,  and  form  as  grand  and  interesting  a  series  as  the  typical 
Silurians  themselves. 


nsroTiOEB    OIF    ^tf^ia^oiias- 

I. — On  thb  Fossil   Mammals   of   Australia. — Part  Y.  Genus 

Notoiherium,  Owen.* 

By  Prof.  R.   Ownr,  F.IL8. 

• 

THE  genus  of  large  extinct  Marsupial  herbivores  which  forms  the 
siibjoct  of  the  present  paper  was  founded  on  specimens  trans- 
mitted (in  1842)  to  the  author  by  the  Surveyor-General  of  Australia. 
Sir  Thomas  Mitchell,  C.B.  They  consisted  of  mutilated  fossil  mandi- 
bles and  teeth.  Subsequent  specimens  confirmed  the  distinction  of 
Nototherium  from  Diprotodon,  and  more  especially  exemplified  a 
sinf^ular  and  extreme  modification  of  the  cranium  of  the  former 
genus.  A  detailed  description  is  given  of  this  part  from  6(>ecimeD8 
of  portions  of  the  skull  in  the  British  Muscimi,  and  from  a  cast  and 
photographs  of  the  entii*e  cranium  in  the  Australian  Museum  at 
Sydney,  New  South  Wales.  The  descriptions  of  the  mandible,  and 
of  the  dentition  in  both  upper  and  lower  jaws,  are  tiiken  from  actual 
Bpecimens  in  the  British  Museum,  in  the  Museum  of  Natui-al  Histor}' 
at  Worcester,  and  in  the  Museum  at  Adelaide,  S.  Australia,  all  of 
whicli  have  been  confided  to  the  author  for  this  puiiK)se.  The  re- 
sults of  comparisons  of  these  fossils  of  Nototherium  with  the  answer- 
able parts  iu  Diprotodon,  Macropus,  Pliascolarctos,  and  Phascolomy* 
are  detailed. 

Characters  of  three  species,  Nototherium  Miichelliy  N.  tnerme,  and 
N.  Victori(e,  are  defined  chiefly  from  modifications  of  the  mandible 
HTid  mandibular  molars.  A  table  of  the  localities  where  fossils  of 
Nototherium  have  been  found,  with  the  dates  of  discovery  and  names 
of  the  finders  or  donors,  is  appended.  The  paper  is  illustrated  by 
subjects  for  nine  quarto  plates. 

^  Abstracted  from  the  Proceedings  of  the  Royal  Society,  No.  129,  1871. 
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IL — On  the  pbesenob  of  a  Bbptile  of  the  Mosasaubian  type 
IN  THE  Uppes  Jurassic  Formations  of  Bouloone-sub-Meb.^ 

By  M.  H.  £.  Sauyaoi. 

rB  most  ancient  Mosasaurian  known  is  the  Oeosaurtu  StBrnmer- 
ringiij  of  Monheim  and  Solenhofen.  This  last-named  locality 
belongs  to  the  Lower  Kimmeridgian ;  nor  have  any  been  heretofore 
noticed  higher  up  in  the  Jurassic  series.  Re-appearing  in  the  Green- 
eand  of  New  Jersey  (where  we  find  Geosaurua  Mitehelli,  and  Mosa- 
aauruB  Maximiliani),  this  type  is  extended  to  the  Lower  Chalk  by 
the  MosasauruB  Ho/manni  and  M,  gracilis.  There  is  then  a  break  in 
the  life  of  the  Mosasaurian  type,  but  only  an  apparent  break,  for  the 
types  are  always  continuous  throughout  the  whole  period;  they 
never  disappear  entirely,  and  then  re-appear  higher  up  :  such  breaks 
are  only  the  result  of  the  imperfect  state  of  our  knowledge. 

Prof.  Owen  has  published,  under  the  name  of  Leiodcn,  a  reptile  of 
the  Mosasaurian  type,  characterized  by  its  teeth,  of  which  the  inside 
is  as  convex  as  the  out,  and  whose  crown,  of  an  elliptical  form,  is 
bordered  on  each  side  by  a  sharp  edge. 

The  only  known  species,  Leiodon  anceps,  occurs  in  the  Chalk  of 
Norfolk  and  of  Meudon.  It  is  to  this  genus  Leiodon  that  the  teeth, 
and  a  fragment  of  jaw  found  in  the  Middle  Portland  Marls  of  Poi*t«l, 
near  Boulogne,  and  in  the  clays  which  form  the  Upper  Kimmerid- 
gian, belong ;  this  genus  is  also  found  a  little  lower,  namely,  in  the 
zone  of  Ammonites  longispinus  of  the  Middle  Kimmeridgian.  The 
genus  Leiodon  appears  then  almost  as  early  as  the  genus  Geoaanrm, 
and  has  lived  during  the  Upper  Jurassic  epoch,  along  with  the 
Steneoaauri,  the  PliosauritSj  Megalosaurus,  and  Pterodactyle ;  we 
have,  in  fact,  found  these  genera  again  in  our  Kimmeridge  and  Port- 
land strata. 

The  species  which  we  propose  to  name  Leiodon  primwvum  is 
characterized  by  smooth  strong  teeth,  more  or  less  large  and  curved, 
according  to  the  place  which  they  occupy,  with  faces  regularly 
convex,  separated  on  each  side  by  a  strong  sharp  cutting  edge  run- 
ning from  the  base  to  the  crown,  which  is  pointed.  The  largest 
teeth  are  (j5  millimetres  high,  the  diameters  near  the  base  being 
25  X  18.  As  M.  P.  Gervais  has  remarked,  it  is  wrong  that  "  they 
described  the  teeth  of  the  Mosasauri  as  really  acrodont,  like  those  of 
many  of  the  true  Saurians."  In  our  Leiodon  the  teeth  are  inserted 
in  large  and  deep  sockets,  which  occupy  nearly  the  whole  depth  of 
i\ie  jaw ;  the  root  therefore  is  closely  united  to  the  body  of  the  bone 
by  the  bed  of  cement  which  surrounds  it ;  the  pulp-cavity  is  filled 
with  a  mould  of  calcareo-siliceous  matter,  arising  from  petrifaction ; 
this  cavity,  which  regularly  and  imperceptibly  contracts,  runs  from 
the  base  of  the  root  to  near  the  crown  of  the  tooth ;  extending  to  a 
little  above  the  half  of  the  latter.  The  Pterygoid  bones  were  very 
probably  furnished  with  smaller  teeth,  one  of  the  faces  of  which  is 
visibly  flatter. 

^  Bead  at  the  meeting  of  the  Acad^mie  des  Sciencee,  July  10th,  1871. 
VOL.  vin,— -NO.  Lxxxvin.  ^^ 
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On  the  Qeoloot   of  thb    Eastcbn  pobtion    or   Eubopkav 

TUBKEY,^  BT  PbOF.  Db.  FeBD.  YON  HOOHSTBTTKB  OF  YlXNNA. 

Communicated   by  Chablbs  Lvdolf   Orihibach,  Corr.   Member  of  the  SJL 
geologischen  Beichiaxutalt,  and  of  the  E.K.  geographiaeheii  GeMOaehaft,  Yieuia. 

11HIS  most  interesting  and  Yaluable  publication  is  the  result  of  an 
inYBstigation  whidi  Prof.  Yon  Hochstetter  undertook  on  behalf 
of  the  Ottoman  Bailroad  Company.  We  cannot  aooompanj  the 
author  in  all  his  excursions  and  traYels  OYer  so  wide  a  tenitoiy, 
where  almost  cYery  spot  Yisited  was  Yirgin  around  for  the  Gteologist, 
but  must  be  content  to  giYO  only  a  brief  description  of  the  strati- 
graphical  system  of  the  country,  as  the  author  found  it  to  be. 

I.  Eabtebn  Thbaoia,  from  a  geological  point  of  Yiew,  may  best 
be  divided  into  five  distinct  areas: — 1.  llie  Byzantine  Peninsula 
(the  Eastern  portion).  2.  The  basin  of  the  Erkene  (the  centre). 
3.  Tekir-Dagh  (the  Southern  portion).  4.  Strandscha  Mountaim 
with  the  Tundscha  massive  (North-eastern  part).  5.  Sub-Balkanian 
Eruptive  formations  (Northern  part). 

1.  The  Byzantine  or  Thracian  reninsula, — The  Devonian  Formation 
of  the  Bosphorus,  comprising  Clayslate,  Siliceous  slates,  Sandstone 
(like  Greywacke),  and  dark  bluish  limestone  of  a  knotty  appearance: 
the  strata  are  elevated  at  a  high  angle.  In  the  Southern  portion  of 
the  district  the  rocks  strike  south-west  by  north,  and  dip  soutL 
This  formation  forms  the  Eastern  portion  of  the  Byzantine  Peninsula, 
striking  over  towards  Asia  Minor.  Many  dykes  of  Diorite  traverse 
its  strata. 

Of  Fossils  402  species  were  obtained  from  this  formation,  namely : 
Crustacea,  25  ;  Mollusca,  296  ;  Crinoidea,  25 ;  others,  57.  Amongst 
these  may  be  specially  mentioned  the  following : — 

Jfofnahftotus  Gervillei.  Orthit  orbieularia. 

RhytielioMlla  GuerangM.  Chonetet  sareinulata. 
Spirifer  macroptents.  „        Boblayti, 

„        subsptcioaiu,  Fleurodictyum  problemaiicum, 

„        Davottstii. 

Viewed  palwontologically,  the  strata  resemble  the  Lower  Devonian 
beds  of  Western  Europe.,  but  at  the  same  time  some  few  Upper 
Silurian  forms  occur  with  them,  such,  for  instance,  as  Trochoeeras 
Barrandiiy  Orthis  Gervillei^  and  Tentaculitea  omattis. 

A  quarry  near  the  Ajasma  Chapel,  Constantinople,  exposes  a  bed 
of  greyish-blue  calciroous  clayslate,  showing  cleavage  intersected 
by  Diorite  dykes.     This  bed  yielded : 

Spirifer  loctdatus.  Orihit  perfwid^s, 

„       qiuidrntiis,  Crypkteua  papiii*. 

Strophonuna  tortuoaa,  „         FritactUi, 

„  undnlata. 

The  Tertiary  Formation  of  Thracia  will  be  treated  of  in  a  separate 
publicatiou,  shortly  to  be  expected.     ITie  whole  of  the  Western 

*  Dili  peoloj^schen  Verhaltuisse  dcs  bstlichcn  Theiles  der  Europaischon  TUrkei  Ton 
Professor  Dr.  Ford,  von  Hochstetter.  With  numerous  sectiona  and  a  gtH>logical  map. 
Jahrbuch  der  K.K.  geol.  HeichsanBtalt,  1870,  xz.  Bd. 
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portion  of  the  Peninsula  consiBts  of  Tertiaiy  limestone.  The  North 
is  composed  of  Eocene  Nnmmulitic  limestone,  Ooral  limestone,  and 
Argillaceous  limestone ;  deposits  of  a  Cretaceous  appearance,  with 
Cancer  fumctvUatuBt  Desm. ;  Nautilus  (Aturia)  lingvUUtts,  Buch. ; 
Nautilus  undulatua,  Sow. ;  Pholadomya  Puseht,  Odfss. ;  Isocardia, 
SpondyluB,  Cardiumf  etc.,  etc.  The  coast-line  of  the  Sea  of  Marmora 
is  composed  of  Miocene  limestone,  with  Mactra  podoliea  and  Ervilia 
padolica,  belonging  to  the  Sarmatian  facies. 

The  lower  portion  of  the  Neogene  formation  of  the  Yienna  Basin 
(Leitha  limestone  and  Baden  clay)  is  wanting,  as  also  the  lower 
group  of  the  Sarmatian  facies,  thus  resembling  the  Desert  limestone 
of  the  CSaspian  region. 

The  Sarmatian  group  is  overlaid  by  freshwater  limestone  of  the 
same  lithological  and  palseontological  character  as  the  extensive 
fieshwater  deposits,  which  Capt.  Spratt,  B.N.,  described  in  the 
Levant,  full  of  Mdanopsis,  Neritina,  Paludina,  etc.,  etc.  Hochstetter 
calls  this  deposit  the  Levantinian  fades  of  the  Sarmatian  group. 
The  highest  stratum  is  formed  by  argillaceous  marls,  sand,  and 
pebbles.  Igneous  rocks  of  a  doleritic,  audesitic,  and  trachytic 
character,  are  found  associated  with  this  formation. 

2.  The  Basin  of  the  Erkene. — The  Erkene  (Ergines  or  Agrianes 
of  the  ancients)  is  the  principal  tributary  of  the  lower  Maritza  on 
its  left  side ;  this  river  drains  the  extensive  territory  between  the 
Strandscha  Mountains  and  the  Tekir-Dagh,  forming  a  vast  high 
plateau  of  150  to  200  metres  above  the  level  of  the  sea,  with  small 
brooks  and  rivulets,  dry  during  the  summer,  and  altogether  of  a 
desert-like  character.  The  banks  of  the  insignificant  rivulets  of  this 
part  of  the  country  expose  a  Loess  deposit,  which  is  of  great 
thickness,  resembling  the  Belvedere  beds  of  the  Vienna  Basin.  This 
Loess  is  considered  the  most  recent  deposit  of  this  Tertiary  basin. 
Yon  Hochstetter  calls  these  the  Thracian  beds. 

Of  the  lower  beds,  only  greyish  white  clay,  light  argillaceous 
marls,  and  thin  calcareous  strata  are  noticed,  under  which  beds  of 
Lignite  will  most  probably  be  found.  The  outer  rim  of  this  beisin 
18  formed  of  Eocene  limestone  (Nummulite,  Coral,  8«id  Nullipore 
limestone),  which  rests  (at  Sarai,  Wisa,  and  Kirk-klissi)  on  Gneiss. 

Besides  these  limestones,  unconformable  to  the  former,  are  ob- 
served (at  Tena,  Adrianople,  etc.,  etc.)  limestones  and  calcareous 
marl  deposits  of  considerable  thickness,  full  of  casts  and  shells  of 
Ccngeria,  CorhvXanucleuSy  Lam. ;  Cardium  claxidiense,  ?  Eich. ;  Nyiilus 
aeutirostriSf  Gdfss.  (=  Congeria  Basteroii,  Desh.)  ;  Congeria  Brardi, 

These  deposits  Von  Hochstetter  considers  as  the  Pontic  beds  of 
the  Tertiaiy  age.  Strata  of  the  Sarmatic  group  have  not  yet  been 
observed  in  the  basin  of  the  Erkene ;  the  Congeria  deposits  seem  to 
take  the  place  of  the  latter  as  well  as  of  the  Levantine  group. 

Trachytes  were  observed  near  Enos,  Ipsala,  etc.,  etc.,  partly  be- 
longing to  the  Eocene  epoch,  partly  of  Miocene  age,  analogous  to 
the  Trachytes  and  Tuffs  of  Hungary  and  Transylvania. 

Isolated  masses  of  Basalt  were  found  near  Tschorlu. 

8.  The  Tekir-Dagh  or  the  holy  Mountains  of  Demosthenes  form  a 
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ranc^c  of  hills  of  from  600  to  800  metres  in  heiglit,  razming  in  a 
Bouth-west  direction  towards  the  Bay  of  Saros.  They  consist  of  old 
crystal  line  rocks,  principally  rocks  of  the  Phjllite  zoDe,  enveloped 
and  overlaid  by  Eocene  Nummulitic  limestone  and  Sandstone.  Mia 
schists  or  talcose  slate,  Clayslate  and  Quartzite  (Vi^esnel),  ooear 
near  AxamiL  The  Pcninsida  of  Grallipoli,  and  the  coast  beyond  the 
Straits  of  the  Dardanelles,  consist  of  an  extensive  formatiiHi  of 
Tertiary  freshwater  deposits  (Capt  Spratt). 

4.  The  Strandscha  Mountmna  and  Tundacka  consist  principally  of 
Gneiss  (micaceous  gneiss  and  hornblende-gneiss,  with  mnch  ciy^- 
line  limestone  imbedded),  Granite  and  Syenite. 

o.  7Tie  Ernpiive  rocks  of  the  Suh-Balkanian  Territory  between  Bvrgut 
and  Jamholi,  the  country  between  Jamboli,  Kamabat,  Aidos,  Buzgae 
on  the  Black  Sea,  and  the  Cape  Rury  Burun  at  the  Oulf  of  Inads, 
h<i8  witnessed  since  the  beginning  of  the  Cretaceous,  and  even  so 
late  as  during  the  Miocene  epoch,  a  continuous  series  of  Eruptioni 
of  basic  igneous  rocks,  partly  submarine,  partly  supramarine.  We 
find  here  hills  of  1>rownish  red,  |X)rphyrite  like  audesita,  and  augite, 
containing  audesite  and  dolerite,  which  show  by  their  peculiar 
shape  til  at  they  are  extinct  volcanos.  They  are  accompanied  bj 
colossal  masses  of  augite,  containing  tuffs  and  conglomerates. 
Tliese  conglomerates  and  tuffs  alternate  with  strata  of  the  lower 
Cret<iceou8  series  with  Inoceramus,  etc.,  showing  thus  clearly  the 
time  when  the  eruptions  took  place. 

I'hese  enstt^m  igneous  rocks  find  their  analogy  in  some  eruptive 
rncks  near  Sofia,  in  the  so-called  Liiliin  mountains  betweoii  Sofia  and 
Tni.  Tln;re,  too,  the  tufi^  alternates  with  strata  of  the  Creraeo»^:s 
fmijiation.  J>asir  rocks  also  prevail.  Just  between  these  two  eruptiv-,' 
rr^iniis  is  situated  tlie  great  dislocation  of  the  Balkany,  so  that  the 
explanation  of  this  dislocation  being  caused  by  the  eruption  of  iIk- 
ainl«'^ito.s  and  dolerit^s  at  once  suggests  itself  to  the  geologist. 

11.  The  Balkany  and  SuiiiiorNDiNG  District. — Under  tliitj  headiug 
Vf>n  Iloclistetter  not  only  comprises  the  Haemus  of  the  ancients,  but 
tlu;  wlioli;  of  Bulgaria,  as  far  as  tlie  line  of  Rustschuk-Warna,  with 
tlio  exception  of  the  Dol^ruilsclia.  The  western  limits  of  this 
111  .uiir.iin-svsteni  would  bo  the  valley  of  the  Timok,  alonjr  the 
S«TviMn-r>ulgarian  boundary.  Tlie  basis  of  the  stcop  southern  sloives 
oFtliu  Balkany  form  its  southern  limits.  Tlio  Balkany  is,  then*fore. 
not.  as  hitherto  consi<lereil,  a  chain  (»r  a  contiiniati<m  of  the  lllvrian 
A1])S.  hut  lonus  an  elevated  i)lain,  wliich  slo])es  gently  down  towarvls 
the  Danube,  but  with  an  abrupt  descent  towards  the  soutli.  Thi.'« 
latter  sharp  descent  was  no  doubt  originated  l>y  a  tremomhMis  dislo- 
cation, eansiui;-  the  ])ortion  of  the  plain,  which  once  extended  as  far 
soul  1 1  as  the  Desi)oto-J)agh,  to  sink  l)elow  the  level  of  the  present 
Balkany.  The  dislocation  may,  as  already  suggested,  be  explained 
by  thf  enornuMis  eruptions  of  audesite  and  trachyte,  wbicli  took 
plaeu  <lnring  the  Cretaceous  epoch,  and  lasted  through  the  Miocene 
})t.'riod.  This  dislocation  may  readily  l»e  traced  along  a  line,  wliich 
runs  between  Cape  Emineh  on  the  Black  Sea,  and  Pirot  or  Sharkioi 
(north-west  of  Sofia)  for  a  distance  of  about  240  miles. 
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Yram  the  Black  Sea  to  Sliwna  Cretaceous  rocks,  intersected  by 
porphyries,  form  the  southern  steep  slopes  of  the  Balkany.  To  the 
west  of  Sliwno  we  find  Ghi^nite  and  Gneiss,  whilst  between  Tschipka 
and  Slatica  mica  schists  and  clayslate  form  the  Balkany.  Lastly, 
the  northern  rim  of  the  hBsm  of  Sofia  consists  of  Triassic  sandstone 
and  limestone^ 

The  Isker  (with  its  springs  in  the  Bilo-Dagh)  intersects  the  whole 
Balkany  from  south  to  north,  dividing  this  mountain  system  in  a 
western  and  eastern  portion.  The  western  portion  is  a  perfect 
Urra  incognita  to  geologists,  as  well  as  to  geographers.  In  the  fol- 
lowing notice  only  the  eastern  portion  is  refened  io.  The  highest 
points  of  the  Bsdkany,  the  Kodscha  or  Weliki-Balkany  belong  to 
this  eastern  half,  with  elevations  above  2800  metres. 

Miocene  deposits. — Sarmatian  group  ( Cerithium  beds),  These  de- 
posits are  limited  to  the  valleys  of  the  Wid  and  Osma  (south  of 
i^ikopoli)  and  to  the  neighbourhood  of  Wama,  near  the  coast  of  tlie 
Black  Sea.     They  occur  also  in  the  Dobrudschcu 

Mediterranean  group  (Leitha  limestone  and  Baden  day). — Under- 
lying the  Sarmatian  group  we  find,  near  Flewna,  almost  horizontally 
stratified  beds  of  a  white  limestone,  rich  in  corals  and  other  fossils 
(Fectuncultts,  eta,  eta),  resembling  in  every  respect  the  Leitha  lime- 
stone of  the  Vienna  basin.  Li  the  valley  of  the  Wid  bluish  grey 
day  is  observed  under  this  limestone,  which  contains  many  fossils 
in  excellent  condition,  scarcely  to  be  distinguished  from  those  of 
the  Baden  clay  in  the  Vienna  basin.  The  following  list  gives  the 
most  important,  namely  : — 

Gmus  Dujardini,  Cassia  texta, 

„     Noe.  Area  diluvii, 

RostsUaria  pss-^ieani,  Vmus  mtdtilamella. 

Ancillaria  glandiformis,  Ikntaiittm  eiephantanum. 

Fieurotoma  aspsrtdata.  Fkibellum  euneatum. 

Turrittlla  Vindobonensis,  Turbinolia  duodecem'Costaia. 

Cypraapyrum, 

And  a  great  many  Foraminifera. 

The  Mediterranean-Indian  sea  must  have  communicated  with  the 
Bulgarian  basin  throu^  a  passage  which  most  probably  was  situ- 
ated northwards  of  the  passage  of  the  Danube  through  the  Banat 
mountains,  as  there  the  late  Dr.  N.  Schloenbach  found  Neogen  de- 
posits at  a  height  of  GOO  metres  above  the  level  of  the  sea,  at  the 
watershed  of  the  Almasch  and  Tschema. 

Cretaceous  formation, — Upper  Cretaceous  strata. — South  of  Plewna 
Von  Hochstetter  observed  a  system  of  limestones  with  homstones, 
partly  dolomitic  and  porous.  He  observed  in  it  remains  of  Exogyra, 
jBelemnites,  Ananchytes,  BhynchoneUa,  eta,  etc.,  and  near  Sclninila 
Ostrea  vesicutaris,  Inoceramus  labiatus,  Pectenquinque-costatuSj  Exogyra 
eolun^y  corals,  etc.,  etc. 

Near  Jenikioi,  white  Planer  marls  were  observed  with  Belemnifes 
suhfusimis,  Basp.,  Ammonites,  eta  These  Upper  Cretaceous  strata 
possess  a  North-European  character,  whilst  the 

Middle  Cretaceous  deposits  (with  Orhitulites),  of  a  Earpathian  sand- 
stone like  appearance,  with  thin  beds  of  coal  (Ghiult),  partly  at 
least  closely  resemble  the  North-Earpathian  sondatoiL^  ta\i^« 
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Southern  slopes  of  the  Balkcmy  near  Aidoe,  Kamabat,  and  Sliwno. 
Here  sandstoneB  and  calcareous  marls  with  Cretaceons  Fueciia 
alternate  with  volcanic  tuffs.  Near  Tm,  in  a  similar  sandstone  and 
marl,  was  found  Ammonites  MiUeiianuSf  D^Orb. 

Lower  Cretaceous  deposits :  (a)  Caprotina  limestone  ( Urgcnien).  In 
the  country  south  of  Nikopoli  is  found  a  light  grey  dense  limestone 
of  alpine  character,  yielding  Caprotina,  Gcuteropods,  and  BadioHUt 
(b)  Neocomian  shales,  marl,  and  limestone.  Underlying  the  Gapxo- 
tiua  limestones  near  Jablanica  are  found  dark  oalcareons  shales  and 
limestones,  which  dip  at  an  angle  of  from  15  to  20  d^rees  towaidB 
the  north.     These  beds  yield — 

Bt^Unntitea  sMbfuniformis,  Rasp.  Amnumit$»  cryptoeerUM,  D'Orii. 

Ammofiites  Mathrroui^  D'Orb.  „        GratianHMt  D*Orb. 

„        Jgannotif  D'Orb.  Crioetra*  Duvaiii^  lAw, 

Near  Sliwno  a  series  of  shales  and  calcareous  marls  of  gntt 
thickness,  with  a  red  quartz-porphyry  of  peculiar  chanoter,  but 
without  fossil  remains,  is  also  considered  as  of  Neocomian  age. 

Dyas  or  Lower  Trias. — Red  Conglomerates  and  Sandstones  at  the 
southern  slopes  of  the  Balkany  near  Sofia.  The  whole  of  the  southon 
slo[)es  of  the  Balkan  chain  of  mountains,  so  &r  as  it  forms  tlie 
northern  rim  of  the  basin  of  Sofia,  consist  of  an  anintermpted  sand* 
stone  zone,  which  forms  a  conspicuously-marked  countiy  at  the  base 
of  the  high  limestone  mountains  behind.  The  height  of  this  sand- 
stoTie  zone  is  about  1,000  metres.  Coarse  Red  Conglomerates,  con- 
taining  pebbles  of  Gneiss,  Phyllite,  Clayslate,  Quartz,  and  siliceons 
sin  to,  etc.,  etc.,  alternate  with  thick  layers  of  an  argillaceous  sand- 
stone and  marls  of  an  intense  red  colour.  The  strata  of  this  zone 
form  a  wicldlo,  and  are  overlain  by  a  greenish-grey  marly  shale  of 
groat  thickness  falling  north.  Above  these  strata  rest  the  enormous 
masses  of  limestone  deposits  of  the  Balkany. 

Von  Hochstetter  identifies  the  marl-shale  with  the  Neocomian 
sbalos  of  Jablanica,  and  thinks  it  very  probable  that  the  red  ct^u- 
glomerates  represent  either  Dyas  (Permian)  or  Triassic  rocks.  With 
the  solo  exception  of  a  small  patch  of  a  Triassic  de|)OHit,  between  the 
rivors  Iskor  and  Slatica,  which  Boue  mentions,  true  Triassic  or 
Jurassic  rocks  of  Alpine  character  seem  entirel}'  wanting  in  tbe 
Balkany  ;  the  formations  of  this  mountain  system  seem  to  represent 
the  syKtom  of  strata  which  were  deposited  nortli wards  of  the  old 
crystalline  massive  of  central  Europe.  We  meet  with  Triassic  and 
Jurassic  rocks  only  on  the  southern  slopes  of  the  Balkany,  which  are 
tu  be  lookod  ii])on  as  offshoots  of  the  Alpine  sj'stem. 

Fala-ozoic  Bocks  of  doubtful  age, — If  we  draw  a  section  in  a 
sou  thorn  direction  through  Etropol  we  meet  witli  a  different  series  of 
formations  altogether.  There  mica  schists,  talcose,  and  clayslatee 
aro  gieatly  dovoloi)e(l ;  in  fact,  they  fonn  (according  to  Buue)  the 
w.itorshod  betwoon  the  rivers  Wid  and  Osma.  According  to  the 
saiiio  author,  daik  limestone  de^yosits  of  a  considerable  thickness. 
with  greywacko-like  sandstones,  occiu:  at  the  northern  slopes  of  the 
above-montioned  crystalline  foiination. 

Hochstetter  met  with  similar  strata  at  the  southern  slopes  of  the 
Balkany,  near  Kisaulik,  where  a  peculiar  set  of  brown,  niicaceoos. 
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and  bitominotuB  shales  rests  on  a  gneissio  granite,  rioh  in  homstone. 
These  shales  contain  a  bed  of  anthractic  coal  of  one  foot  in  thickness, 
resembling  the  anthracite  of  the  Werchzirm-Alps  in  Styria.  Brown 
shales  and  sandstone  follow  farther  up  in  the  narrow  yallej,  which 
seem  to  fall  south  (the  former  dipped  10  to  15  degrees  north),  also 
light  grey  dolomitic  limestone.  White  micaceous  coal-bearing  sand- 
stone, with  bituminous  shales,  alternates  with  the  limestone.  The 
strata  strike  east  to  west,  and  are  raised  up,  dipping  slightly  south. 
The  whole  has  the  aspect  of  a  Palaaozoic  group  of  rocks,  and  seems  to 
rest  on  a  crystalline  formation.  The  beds  of  coal  are  too  insignifi- 
cant and  too  much  disturbed  and  contorted  to  be  of  any  importance 
in  this  remote  region  of  Turkey.^ 

The  Crystalline  zone  of  the  Bcdkany  which  is  the  most  southern 
one,  forms  a  belt  between  Slatica,  Tekke,  Earlowa,  Tschipka,  and 
Kisanlik.  It  is  only  a  small  part  of  the  great  crystalline  central 
massive,  which  once  formed  the  greatest  portion  of  Turkey,  but 
which  became  through  dislocations  so  diminished  as  it  now  appears. 
These  disturbances  must  have  occurred  during  the  Cretaceous  epoch, 
although  they  did  not  cease  until  the  Miocene  age.  Between  Karlowa 
and  Tschipka  rocks  of  the  Phyllite  zone  form  this  belt  of  crystalline 
tocks.  The  strata  are  much  contorted,  and  dip  generally  80^  south, 
and  contain  many  quartz-reefs.  Chloritic  shales,  calcareous  clay- 
slate,  and  Homblende-Phyllite  alternate  with  pure  Phyllite.  Near 
Kisanlik  granite  and  granitic  gneiss  are  found. 

Near  Slatica  a  small  quantity  of  gold  is  obtained  by  washing,  and 
in  the  Trojan-Balkan  some  silver  lead  ore  (Gkdena)  and  copper  ores 
are  found,  which  are  said  to  have  been  formerly  worked  by  the 
Bomans. 

ni.  BouMKLiAN  Mountains,  with  ths  ITppeb  Mabitza  and  TJppeb 
TuNDscHA  Basin. — The  western  continuation  of  the  Tundscba  moun- 
tains, between  the  Balkan  and  the  Bhodope,  must  have  been  broken 
down  most  probably  during  the  Tertiary  epoch,  and  formed  large 
basins,  flats,  and  low  ranges  of  hills.  One  of  these  basins  is  the  basin 
of  the  upper  Maritza  or  of  Phillippopel,  a  beautiful  and  productive 
level,  inhabited  for  ages  by  an  industrious  people.  The  height  over 
the  level  of  the  sea  is  about  200  metres.  Most  probably  the  bottom  of 
this  basin  is  formed  by  deposits  of  Post-tertiary,  diluvial  age,  although 
in  one  (the  eastern)  comer  of  the  basin.  Eocene  Nummulitic  lime- 
stone indicates  that  during  the  Eocene  epoch  the  sea  reached  as  far 

^  It  ii  most  probable  that  it  is  this  looalitj,  near  Miohleekioi,  which  the  English 
Geologist,  Mr.  Arthur  C.  W.  Lennox,  F.O.S.,  mentions  in  a  report  in  French 
(Rapport  snr  la  O^ologie  d'nne  Partie  de  la  Ronm^lie  inspect^e  par  ordre  du  Gou- 
Temement  Imperial  Ottoman  en  1866,  Londree,  1867).  The  geological  portion  of  this 
report  is  a  real  curiosity;  for  instance,  the  author  talks  of  Uiis  coal,  near  Michleskioi,  as 


premier  d^termina  I'&ge  Y^ritable  du  sineulier  d6pdt  de  calcaire  sccondaire  qui 
presente  au  nord  et  an  sud  du  sommet  du  Col  de  Tschipka.  Les  formes  caract^ris- 
tiquee  suiyantes  ont  6t6  obeenr^esdanscette  locality  ( ! !)  Natiea  macroBtoma^  Ri>mer, 
Ntrinoea  Visurgis  P^  Romer,  Fteroctra^  Chama^  etc."  Dr.  Peters  was  never  in  the 
Balkany,  and  the  said  fossils  come  from  the  Upper  Jurassic  formation  of  the  Dobrud- 
sduL    (See  Yerhaudl.  £.  K.  geol.  Reichsanst,  3.  KoTember,  IS6S.\ 
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%<  Chaski''i.  Near  Philippopel  a  few  syenite  cliffs  remain  of  the  old 
Svc-nitv  c>?iiii:ieiii  still  at  the  surface,  forming  thus  the  ground  on 
wiiioh  tl:o  lown  is  built.  A  similarly-formed  basin  is  that  of  the 
I'pper  Tun^iseha.  at  the  base  of  the  Balkan,  which  lies  about  200 
mt.tre$  hiirher  tlian  the  former.  Xo  remains  of  Tertiary  depoats 
wort*  fouii.i  there  :  in  fact,  the  basin  looks  like  the  bottom  of  a  recently 
clrie>!-up  lake,  vchich  it  no  doubt  is.  Two  large  tributaries  of  tha 
Maritza.  the  Kaska  and  the  Toix>lnica,  divide  the  Roumelian  moan- 
tains  in  three  divisions: — 1.  The  Earadscha  Dagh ;  2.  Sredna 
Gora :  anil.  8.  the  Ichriman  mountains. 

1.  Knn\ihch<i  Ikigh.  a  long  mountain  chain  of  a  general  height  of 
7^0  to  Sl>j  mttres.  with  some  summits  of  1000  metres,  between 
SHa^'uo  and  Kalofer.  In  a  section  from  Eski  Saara  to  Kisanlik 
I  Upper  Tumlsclia  basin)  we  meet  thinly  stratified  limestone  and 
marls,  striking  east  to  west,  and  dipping  80  degrees  south,  resting 
on  thinly  stnitifieil  grey  limestone  with  flints,  dipping  south-eaHt, 
anvl  resting  on  reddish,  green,  and  light  marls  smd  limestone,  with 
dykes  of  audesite.  This  series  of  strata  Yon  Hochstetter  considers 
most  likely  to  be  Xeocomian,  by  comparison  with  other  similar 
looking  strata  in  Turkey.  It  rests  unconformably  on  reddish,  vciy 
hard  quartzite  and  quartz  sandstone,  with  a  bluish  limestone,  con- 
taining criuoids  of  Tnassic  (St  Cassian)  type.  Granite  and  gneiss 
fonn  tiie  base  of  this  formation. 

2.  I'hc  Sndua  Gora  forms  the  highest  portion  of  the  Roumelian 
nKniutains.  but  is  almost  unfortunately  a  terra  incognita,  as  Hoch- 
stetter only  touclied  it  at  the  most  southern  extremity,  from  an 
examination  of  wliioli  he  suggested  that  the  principal  mass  of  this 
system  ci  insists  of  Crystalline  rocks.  This  part  of  the  country  is 
remarkable  for  several  warm  and  other  springs,  used  since  Roman 
times  as  watering-places. 

S.  Tht'  li'htimnn  Mountains  are  hardly  known.  All  maps  of  this 
part  of  Turkey  ai^e  incorrect,  giving  tlie  river  Wed  an  entirely  wrong 
course.  In  the  Ichtinian  mountains  lies  the  watershed  between  the 
numerous  trilnitaries  of  the  Maritza  and  the  Isker  rivers,  forming 
also  tlie  waterslied  between  the  ^'Egciin  and  the  Black  Sea.  Two  small 
basins  (of  Ichtiman,  height  610  metres,  and  of  Banja,  590  metres), 
belong  to  the  Maritza  river  sj'stem,  and  the  basin  of  Samakov  {%0 
iQL-tros)  belongs  to  the  Isker  river.  All  of  the  three  basins  are  sur- 
rounded by  crystalline  rc>cks,  and  filled  with  fluviatile  C(mglomeratt?s, 
sands,  etc.  Tertiary  strata  are  nowhere  met  with.  Along  the  ixxnl 
from  Phillip}>opel  to  Banja  and  Samakov,  Hochstetter  deseril^s 
alluvial  deposits  as  far  as  neiir  to  Bazaidshik,  where  the  road  passes 
into  crystalline  rocks,  which  are  partly  in  basins  like  Banja  (which 
j)0sscsses  a  warm  spring)  covered  by  alluvial  deposits.  Much  Crj'stal- 
liue  limestone,  Hornblende-gneiss,  and  Mica-gneiss.  Near  Sij^tsch, 
83'onito  occurs  with  iKJgmatite.  Near  Bazardshik,  red  trachyte  was 
observed. 

Tho  road  from  Samakov  to  Sofia  leads  over  a  high  saddle 
of  the  Bnio  mountains  (l,f300  metres).  Tlie  section  exposed  tlien? 
exhibits  syenite,   gneiss,  red  quartzites,  and  white   sandstone,  the 


BevievoB — Vwi  Hoehsteiter's  European  Turkey.  473 

strata  of  which  are  raised  np  vertioally  (most  prohahly  either  Lower 
Trias  or  Dyas),  Limestone  and  Dolomite  (Upper  Trias),  Red  Cal- 
careous marl  with  augite-porphyry  containing  Plicatida  radiola,  Lam. 
(Qault). 

IV .  The  Dsspoto-Daoh  ob  thb  Rhodope  is,  hesides  the  Balkan  and 
the  Roumelian  mountains,  the  third  and  highest  ground  of  Eastern 
Turkey,  an  excellent  example  of  a  mMsif.  The  highest  point  is 
the  Perim-Dagh  (2,400  metres)  and  the  Rilo  Dagh  (3,000  metres). 
It  is  an  old  crystalline  continent,  which  remained  so  through  sii 
geological  epochs  until  the  Tertiary  time,  when  the  Eocene  ocean 
oovered  some  of  the  lower  Eastern  portions.  During  this  latter 
epoch  great  Trachytic  eruptions  took  place,  and  lasted  till  the 
Miocene  time.  Hochstetter  distinguishes  two  Gneiss  formations  in 
the  Despoto-Dagh,  which  he  compares  to  the  Oneiss  formations  of 
Bohemia  and  Southern  Germany ;  Crystalline  limestone,  Granite,  etc. 
The  centre  of  this  enormous  crystalline  massif  strikes  E.S.E.  to 
W.N.W.  No  ores  of  any  kind  are  at  present  known  there,  unless 
small  quantities  of  gold,  which  are  washed  out  of  the  alluvium  near 
Balukkioi. 

TTie  Eocene  formation  in  Bhodope  is  found  only  in  the  Eastern  part : 
near  Feredshik  (S.),  Demotika  (E.),  Chaskioi  (N.)  Wherever  it 
occurs,  it  is  in  dose  proximity  to  the  Trachytes  of  the  Rhodope. 

Near  Balukkioi,  the  lowest  strata  are  Reddish-green  Argillaceous 
Marls,  which  gradually  pass  into  and  alternate  with  Micaceous 
Sandstone.  Ahove,  coarse  Sandstone  and  conglomerate,  Clayish  Sandy 
Liimestone,  with  Vignesnelia  lerUicvlaris,  Desh.,  Faludina,  Unio,  etc. 
which  is  overlain  by  fine-grained  Sandstone  and  Clay-marls.  The 
highest  stratum  is  formed  by  Nummulite  and  Coral  Limestone.  The 
strata  are  raised  up,  and  do  not  lie  oomformably  on  their  base,  which 
is  (according  to  Yignesnel)  formed  of  Sandstone,  Shaly  Greywacke, 
and  Argillaceous  Limestone  (terrain  de  Transition), 

Yon  Hochstetter  divides  the  Eocene  formation  of  the  south-east 
and  east  Rhodope  into  two  divisions.  Lower  division :  at  the  base 
thick  layers  of  conglomerate  above  clay  and  sands,  often  of  lacus- 
trine origin  {Vignesneliaf  Faludina,  etc.).  Upper  division,  of  purely 
marine  origin,  consisting  generally  of  limestone  strata. 

Beds  of  Lignite,  until  now  unworked,  belong  to  the  first  division, 
and  are  comparable  to  the  Lignite-bearing  Cosina  beds  of  Istria,  and 
also  to  the  Eocene  formation  of  Gran  and  Ofen  in  Hungary. 

The  enormous  Trachyte  and  Trachyte-tuff  dykes  are  part  of  the 
long  Southern  Trachyte  chain  which  reaches  from  Servia  and  Bosnia 
right  through  Macedonia,  Thracia,  and  from  thence  through  Asia 
Minor.  The  Trachytes  of  Hungary  and  Transylvania  belong  to  a 
Northern  Trachyte  chain,  which  do  not  differ  much  in  lithological 
character,  although  the  first  are  older  (Eocene),  whilst  the  Hungarian 
Trachytes  are  of  Miocene  age. 

Miocene  Deposits  of  the  Rhodope. — Conglomerates,  soft  sandstone 
and  sands,  argillaceous  and  marly  limestones,  most  probably  be- 
longing to  the  Miocene  epoch. 

No  traces  of  old  glaciers  were  observed  anywhere. 
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THE  MOTION  OF  GLACIERS. 

Sm, — As  the  motion  of  glaoien  at  the  present  time  is  by  no 
means  a  decided  point,  perhaps  the  following  extracts  fo)m  my  note- 
book may  not  be  inopportune,  more  especially  as  sadi  Tras  obserred 
by  me  for  the  first  time,  and  wants  corroborative  evidence : — "  On 
the  20th  July,  1870,  when  crossing  the  Mer  de  Glaoe,  where  ill 
breadth  is  reduced  above  Montanvert,  a  distinct  fault  -was  observed 
running  N.  20  £.,  while  the  general  motion  of  the  glader  was  N. 
This  fault  was  observed  to  extend  throughout  the  glacier,  and  to  be 
a  lateral  fault,  evidently  due  to  contraction.  The  exact  measurement 
of  the  throw  was  2  feet  6  inches,  and  was  measured  from  the  veinons 
structure,  which,  along  the  fault,  exactly  corresponded  with  the  twisfei 
peculiar  to  faults  in  shaly  beds,  viz.,  that  the  veinous  structure  was 
drawn  in  the  direction  of  the  throw.  The  fault  line  was  plainly 
visible,  but  sealed  as  it  were  by  pressure,  and  having  no  onevenness 
on  the  surface." 

Plan  of  a  Fault  obeerred  in  thfi  Mer  de  Glace,  July  20, 1870. 


MOmXHVl 


The  only  conclusions  I  could  come  to  were,  that  such  fault  was  s 
very  recent  one,  produced  probably  by  the  very  uneven  rate  of 
motion,  tlirough  the  action  of  the  Sun,  which  for  that  month  was 
most  intense.  If  not  a  recent  fault,  the  veinous  structure  would 
have  assumed  its  normal  position. 

BlOHABD    6.    SyMXS. 

'iNA,  Co.  Mato,  Ireland,  Aug\ut  14,  1871. 
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TEBRAQE8  OP  NOEWAY. 

Sib, — I  much  regret  that  Col.  Greenwood  hit  upon  the  wrong 
Aardal.  That  whioh  I  referred  to  is  at  the  east  end  of  the  Sogne 
I^'ord.  Steamers  make  the  trip,  and,  onoe  a  fortnight,  also  call  at 
Fjsarland,  witliin  an  hour's  stroll  of  a  glacier  remani^,  the  SupheUe 
Brae,  which  descends  to  certainly  not  more  than  150  feet  above  the 
sea  level.  A  valley  to  the  north  contains  capital  terrace  examples, 
and  is  closed  by  the  great  glacier  of  Boium's  Bras.  From  Bergen  to 
the  Sogne  Fjoid,  to  Fjaarland,  and  to  Aardal,  the  Mork  Foss,  back  to 
Gndvangen,  across  to  the  Hardanger  Fjo^^>  ^F  *^®  Sor  Fjord  to 
Odde,  thence  across  the  FolgeFond  by  an  easy  glacier  pass  to  Bondhus, 
and  westward  to  Stavanger,  would  be  a  fortnight's  deliberate  trip, 
and  afford  sublime  scenery,  with  geology  enough  for  a  glutton,  be- 
sides numerous  lateral  excursions,  should  the  traveller  have  time. 
He  must  study  the  times  of  the  steamers  well  in  laying  his  plans. 

I  am  sorry  Col.  Greenwood  did  not  accept  my  invitation  to  intend- 
ing explorers  to  ask  me  any  questions.  Marshall  Hall. 
Yacht  Nobma,  Sept,  19,  1871. 

BIYEB  TERRACES. 

Sib, — ^In  the  two  letters  on  this  subject  which  yon  have  done  me 
the  honour  to  publish  in  your  numbers  for  April  and  September,  I 
have  contended  that  irdand  river  terraces  are  very  simple  effects  of 
rain  on  rivers ;  that  they  are  the  remains  of  alluviums  formed  on 
land  by  the  overflow  of  rivers ;  and  in  the  report  of  Mr.  Chief  Justice 
Begbie's  account  of  the  ''Benches  of  British  Columbia"  in  the 
Proceedings  of  the  Royal  Geographical  Society  for  July,  the  Chief 
Justice  remarks  (page  138)  that  the  rise  of  the  Fraser  river  in  flood 
at  Lilloet  is  40  feet ;  at  Fort  Alexandria  25  feet.  Here,  then,  must 
be  two  alluviums  forming  on  land  at  the  present  day  below  the  old 
terraces.  Gorges,  by  checking  the  rain-floods  of  &e  river,  cause 
these  enormous  rises.  When,  however,  the  beds  of  these  gorges 
are  deepened  by  erosion,  the  river,  unable  to  overflow  the  alluvial 
banks  which  it  has  built  up,  will,  in  floods,  tear  them  down  and  will 
drive  them  to  the  bill-side  as  two  parallel  terraces. 

The  prevalent  opinion,  however,  in  the  discussion  of  the  paper  was 
that  the  terraces  have  been  formed  at  the  water  level  of  lakes  by 
materials  washed  down  by  the  river,  and  not  on  lemd  alluviums.  A 
''  bursting  of  the  barrier  "  is  then  supposed,  £md  "  a  sudden  drain- 
age "  of  the  lake  to  the  level  of  the  succeeding  terraces.  And  so  a 
succession  of  "  bursting  of  barriers  "  and  a  succession  of  "  sudden 
drainages,"  one  of  each  of  these  for  each  pair  of  terraces.  Each 
barrier  which  it  is  required  to  "  hurst "  being  perhaps  a  gorge  of 
the  hardest  possible  rock,  and  extending  for  any  number  of  miles. 
But  to  form  two  parallel  terraces  the  river  must  have  filled  the  lake 
entirely  with  the  materials  carried  down.  In  this  case  there  could 
be  no  **  sudden  drainage  "  of  a  lake  which  had  no  water  in  it  Or 
are  we  to  suppose  that  in  former  times  all  rivers  on  entering  the  lakes 
bifurcated  and  deposited  their  materials  as  terraces  at  the  level  of 
the  water  on  the  two  opposite  side-shores  of  the  lakes,  leaving  the 
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central  water  pellucid  ?     And  that  this  central  pellucid  water  only 

was  subjected  to  the ''  sudden  drainage  '*  ?     K  so,  in  former  times,  the 

laws  of  rivers  and  lakes  differed  much  from  those  of  the  present  day. 

The  cause  supposed  is  an  actual  impossibility. 

B&ooKwooD  Park,  Alrbstobd,  Qeoboe  Gbekitwood,  ColoneL 

9th  September^  1871. 

LOCAL  MUSEUMS  AND   SCIENTIFIC  SOCIETIES. 

Sib, — ^Why  does  not  the  British  Association  exert  it«  influence  in 
stimulating  local  Scientific  Societies  to  form  in  their  Museums 
collections  representing  the  Geology,  Mineralogy,  and  Natural 
History  of  their  own  respective  neighbourhoods  ?  Such  a  system, 
combined  with  a  central  Museum  in  London,  would  tend  more  than 
anything  to  the  advancement  of  science.  At  present,  provincial 
Museums  are  little  better  than  curiosity  shops,  with  no  recognized 
plan  of  arrangement  whatever.  Numerous  valuable  private  collec- 
tions exist  throughout  the  country,  representing  the  geology,  etc., 
of  various  localities,  which  are  too  often  dispersed  and  lost  Perhaps 
private  Collectors  would  show  more  public  spirit,  if  greater  zeal  and 
better  judgment  were  shown  by  local  Societies. — F.G.S.  (Brighton). 

A  SILICIFIED  CORAL  FROM  THE  COAST  OF  SUSSEX,  ETC. 

Sm, — Eolled  fragments  of  a  Silicified  Coral,  resembling  the 
Tisbury  IsastrcBa,  are  occasionally  found  on  the  coast  of  Sussex  and 
the  Isle  of  Wight.  Major  Barnes,  of  Southampton,  who  has  for 
many  years  collected  the  south-coast  agates,  has  found  four  speci- 
mens, one  on  the  beach  at  Ryde,  two  at  Sandown,  and  one  at 
Hastings.  I  also  obtained  a  fine  specimen  on  the  beach  at  Hove, 
near  Brighton.  Tlie  only  locality  from  which  they  could  have  been 
drifted,  if  belonging  to  the  Oolite,  is  Portland.  Does  the  Tisbury 
Coral  occur  there  ?  or,  can  they  be  derived  from  the  Upper  Green- 
sand,  like  the  silicified  wood  foimd  at  Hove  ? 

Spencer  Geo.  Perceval. 


OccuRHENCE  OF  DiAMOND  IN  Xanthopuyllite.— Writing  from 
St.  Petersburgh  to  the  Editor  of  the  Jahrbuchfiir  Mineralogies  1871, 
part  3,  Jeremejew  announces  the  discovery  of  microscopic  crystals 
of  diamond  in  the  xantliophyllite  of  the  Schischimskiaw  mountains  in 
the  Urals.  Magnified  30  diameters  they  are  distinctly  visible,  and 
with  a  power  of  200,  their  crystalline  form  can  be  determined  with 
great  precision.  It  is  a  hexakistetrahedron  combined  with  a 
slightly  developed  tetrahedron,  the  faces  of  the  first  form  being 
rounded,  those  of  the  latter  completely  flat  The  greater  part  of 
the  crj^stals  are  colourless  and  completely  transparent,  and  some  few 
are  slightly  brown.  They  lie  in  parallel  position  in  the  matrix, 
their  trigonal  intermediate  axes  being  vertical  to  the  foliation  of  the 
xanthophyllite.  The  green  plates  of  the  latter  near  the  rounded 
aggregations  of  the  talcose  slate  and  serpentine,  contain  an  unusually 
^rge  number  of  crystals,  and  they  are  also  foimd  in  these  rocks 

mselves. 


Obituary  --Dr.  Oeorg  Justin  Carl  Urban  Schloenbach.    477 

Erbatum. — GsoL.  Mag.  for  September.  In  Mr.  Searles  V. 
Wood,  jun's.  paper  "  on  the  Sequence  of  the  Glacial  Beds,"  p.  410, 
line  2  from  bottom  of  page,  for  Dmtalium  dentate  read  Dentalium 
entale, 

Dentcdium  dentate  (Mid-Glacial  shell)  occurs  exdusiYely  to  the 
South  of  Britain.  Dentalium  entale  (Lancashire  fossil)  is  a  British 
species. 


Db.  Georg  Justin  Carl  Urban  Schloenbach. — Bom  on  the 
10th  of  March,  1841,  at  Liebenhall,  near  Salzgitter,  in  Hanover, 
he  studied  principally  natural  history,  chemistry,  botany,  geology, 
and  palsBontology,  at  the  Universities  of  Gottingen,  Tubingen,  and 
Munich,  under  tihe  celebrated  Professors  Bodecker,  Quenstedt,  aud 
Oppel.  The  influence  and  tuition  of  the  two  latter  men  of  science 
induced  Schloenbach  to  decide  upon  his  future  career,  and  constant 
intercourse  with  such  warm  friends  of  geological  science  developed 
the  interest  which  the  young  student  afterwards  took  in  Jurassic 
fossils.  In  1862  he  went  to  Berlin,  where  he  completed  his  studies 
under  Professors  Beyrich  and  Gustav  Bose.  The  year  after  he 
^ined  his  degree  as  Doctor  of  Philosophy,  at  the  University  of 
Halle,  by  his  work  on  the  Ironstone  of  the  Middle  Lias  of  North- 
western Germany.  After  travelling  and  seeing  the  most  interesting 
Localities  of  Germany  and  France,  he  produced  his  second  paper 
(see  list).  He  devoted  himself  much  to  the  study  of  the  Cretaceous 
formation,  in  the  mean  time  publishing  a  series  of  papers  on  Jurassic 
fossils.  In  1867  he  went  to  the  Tyrol,  and  while  staying  in 
Vienna  to  see  the  large  collection  of  fossils,  etc.,  of  the  k.  k.  Geol. 
Reich  sans  talt,  he  was  offered  an  appointment  in  this  Institute, 
which  he  accepted,  declining  at  the  same  time  the  office  of  Director 
3f  a  new  Mining  School  in  Peru.  Until  he  became  Professor  of 
Geology  of  the  Polytechnic  Institute  of  Prague  in  1870,  he  re- 
mained in  Vienna,  inuch  liked  and  respected,  an  active  and  energetic 
member  of  the  k.  k.  Geol.  Beichsanstalt  It  was  whilst  engaged, 
for  this  Institute,  travelling  in  Servia,  that  his  constitution  broke 
iown,  under  the  tremendous  fatigue  which  geologists  in  these  parts 
fciave  sometimes  to  undergo.  Camping  out  in  what  is  by  no  means  a 
Topical  latitude  brought  on  rheumatism,  and  shortly  afterwards 
3ongestion  of  the  lungs  ended  his  life,  after  a  painful  but  short 
illness.     He  published  the  following  papers  : — 

**neber  den  Eisenstein  des  mittlern  Lias  im  Nordwestlichen  Deutschland  mit 
Beriicksichtigung  der  altem  und  jiingern  Liasschichten." — Inaugural  Dissertation  ; 
ifterwards  reprinted  in  Vol.  16  of  the  Deutscb.  Geol.  Ges. 

Die  Schichtenfolge  des  untem  und  mittlern  Lias  in  Norddeutschland.  Neues 
Tahrb.  Leonh.  und  Gein.     1863. 

Ueber  die  Parallelen  zwischen  dem  oberen  Planer  Norddeutscblonds  und  den  gleicb- 
Jtrigen  Bildungen  im  Seinebecken.    Neues  Jabrb.  von  Leonh.  und  Geinitz,  1866. 

Ueber  einige  ncue  und  weniger  bekannte  jurassiche  Ammoniten  Cassel,  1865. 
PalMontograpbica,  Vol.  13. 
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Ueber  die  Bracbiopoden  am  dem  antem  Gault  (Aptiea)  Ton  Ahaiu  in  Wartphakn. 
Zeitschr.  deutsch  f^eoL  6.     1866. 

Kritische  Studicn  iiber  Kreidebrachiopeden.    Gassel,  1866.     PaL,  YoL  13. 

Ueber  die  Bracbiopoden  der  norddeutscben  CenomanbUdangen.  In  Benedu*! 
geo^.-palftont.    Beitra^e  Vol.  1.     1867. 

Beitrag  zur  altenbestimmaog  des  Oransandes  Ton  Bothenfelde  nnweit  OanabridL 
Neues  Janrb.  Yon  Leonb.  and  u«initz,  1869. 

Ueber  die  norddeutscben  Galeritenscbicbten  und  ibre  Brachiopodenfuina.  Siti. 
Ber.  k.  k.  Acad.  Wias.  Wien.     1868. 

Publisbed  in  tbe  Jabrbucb  of  tbe  k.  k.  Geol.  Reicbaanstalt  in  Vienna :  — 

Ueber  einen  Belemniten  auB  der  alpinen  Ereide  yon  Qriinbacb  bei  Weiner  Xeoitadt ; 

Aspidoearit  liasiea,  eine  neue  Crostaeean  ana  dem  mittlem  lias ;  both  in  VoL  17. 

Die  Bracbiopoden  der  bobmiscben  Ereide.    Vol.  18. 

Ueber  BeUmnites  rugi/er^  nov.  spec.,  ana  dem  eocenen  Tnff  Ton  Bonca.     Vol.  18. 

Bemerkungen  ueber  Sbarpe's  und  Sowerby*8  Btkmmtet  Uuteeolattu  nnd  veber 
Sowcrby*8  Belemnitts  grantUatut.    Vol.  18. 

Tblgptyehodofty  Owen  Tom  Dniestemfer  bei  Onutb  in  der  Bnkowina.    YoL  18. 

Ammonites  Auttsni,  Sbarpe  Yon  Pamica  bei  Unter  Kubin.    VoL  18^ 

Ueber  Sepia  vindobonensis  aus  dem  neogenen  Tegel  Ton  Baden  bei  Wien.  VoL  19. 

Bemcrkun^n  ilber  einige  Cepbalopoden  der  Ooeaublldungen.     VoL  19. 

Publisbed  in  the  **  Verbandlunj^  "  of  tbe  k.  k.  geol.  R.iL : — 

Ueber  die  Gliederung  der  rbatiscben  Scbiobten  bei  Kosseo.     1867. 

Gcologiscbe  Untersuchungen  in  den  Siidtyroler  und  Venetianer  Alpen.     1867. 

Ueber  die  Litboniscbe  Fauna  in  Spanien  Terglicbcn  mit  der  Siidtyrols.     1867. 


James  de  Caslb  Sowesbt,  F.L.S.,  F.Z.S.,  etc.,  etc.,  bom  June 
6th,  1787,  eldest  son  of  Mr.  James  Sowerby,  the  well-known 
naturalist  and  artist  was  descended  from  an  old  Border  family.  As 
a  boy  he  delighted  in  the  pursuit  of  Natural  History,  but  his  special 
study  was  experimental  and  analytical  chemistry.  He  was  the 
friend  and  companion  of  Faraday,  and  with  him  studied  under  Sir 
Humphry  Davy,  delighting  in  the  honour  of  assisting  the  great 
master  in  his  experiments.  His  knowledge  of  Chemistry  led  him  to 
propose  the  classification  of  minerals  according  to  their  chemical 
composition,  and  for  this  purpose  he  analyzed  the  specimens  pub- 
lished in  his  father's  works  entitled,  "British  Mineralogy,"  and 
*'  Exotic  Mineralogy."  Before  he  was  twenty  years  of  age  he 
named  and  arranged  the  collections  of  the  Marchioness  of  Bath,  Miss 
Codrington,  and  other  amateurs.  Working  with  his  father,  James 
do  Carle  Sowerby's  name  does  not  appear  to  any  of  his  plates  imtil 
after  his  father's  death,  which  occurred  in  1822.  After  that  event  be 
continued  the  celebrated  works,  "English  Botany,"  and  ** Mineral 
Conchology,"  of  both  which  he  published  several  volumes.  It 
was  by  Mr.  Jas.  de  Carle  Sowerby*s  wish,  that  the  type-collections 
illustrating  this  latter  imj^ortant  work,  were  in  18G1,  acquired 
for  the  Biitish  Museum,  and  are  now  preserved  for  reference  in 
the  (leological  Department  of  that  Institution.  From  1823  to  about 
1850,  he  contributed  papers  principally  relating  to  Fossil  Con- 
chology to  the  Philosophical  Tmnsactions,  and  to  the  Proceed- 
ings and  Transactions  of  the  Geological,  Linnajan,  and  Zoological 
Societies ;  he  also  descril)ed,  named,  and  arranged  fossil  shells 
for  Dr.  Buckland,  Prof.  Sedgwick,  Sir  lioderick  Murchison,  Dr. 
Fitton,  Mr.  Dixon,  Colonel  Sykes  and  others,  who  in  their  several 
published  works  and  papers  gratefully   acknowledged  his  assis- 
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tanoe.  James  de  Carle  Sowerby,  in  oonjunotion  with  his  brother 
George  B.  Sowerby  and  other  naturalists,  conducted  the  '*  Zoological 
Journal,"  from  1825  to  1835.  In  1840,  the  Council  of  the  Geological 
Society  awarded  him  the ''  Wollaston  Fund,"  in  order  to  fEUsilitate  the 
oontinuation  of  his  researches  in  Mineral  Conchology. 

Dr.  Buckland,  at  that  time  President,  spoke  in  the  highest  terms 
of  the  great  services  rendered  to  geological  science  by  Mr.  James 
de  -Carle  Sowerby,  especially  in  illustrating  so  many  works  with 
drawings  and  engravings  of  fossil  shells  and  plants,  ''  expressing 
their  characters  with  a  degree  of  accuracy  and  truth,  which  no  pencil 
or  burin  but  those  of  a  scientific  artist  could  possibly  accomplish." 

In  1846  he  was  appointed  Curator  of  the  Geological  Society's 
Museum — a  post  which  his  engagements  with  the  Boyal  Botanic 
Society  did  not  permit  him  to  retain  for  any  great  length  of  time. 

In  1838  he  joined  his  cousin,  Mr.  Philip  Barnes,  F.L.S.,  (the 
original  proposer  of  the  project)  in  founding  the  Boyal  Botanic 
Society,  and  his  name  appears,  t(^ther  with  Mr.  Barnes  and  others, 
in  the  Boyal  Charter  of  Incorporation  granted  in  1839. 

Mr.  James  de  Carle  Sowerby  was  appointed  Secretary  to  the 
Society  from  its  commencement,  and  resided  for  thirty  years  at  the 
Boyal  Botanic  Gkurdens,  Begent's  Park.  He  is  succeeded  in  his 
post  of  Secretary  by  his  son  Mr.  William  Sowerby. 

No  doubt  the  most  valuable  assistance  given  by  Mr.  Sowerby  to 
the  naturalist  has  been  by  means  of  the  vast  number  of  jporiraita  of 
plants,  animals,  minerals,  fossils,  etc.,  most  of  which  he  engraved 
from  the  specimens  themselves.  Scientific  names,  descriptions,  and 
systems  of  arrangement  vary  with  the  progress  of  the  science  which 
gave  them  birth,  and  are  often  superseded  and  rendered  valueless ; 
but  such  vivid  portraits  of  natural  objects  as  those  so  ably  delineated 
by  Mr.  James  de  Carle  Sowerby  will  always  remain  lasting  memo- 
ruds  of  his  scientific  accuracy  and  fidelity.  He  died  August  26th, 
1871,  in  his  85th  year. 

Geological  and  otheb  Papebs,  bt  Jamss  de  Cable  Sowebbt. 

**  Mineral  Conchology,"  continued  from  plate  393,  in  toI.  iv.,  to  the  end. 
1S24.  Heiix  nemoralis  (carniyorouB  ?) ;  and  Deecxiption  of  a  remarkable  fossil  found 

in  Coal  shale  (spine  of  Oyraeanthut),    Zoological  Journal. 
1827.  Descriptive  Notes  on  Fosnl  Shells  found  in  the  Strata  below  the  Chalk 

(Dr.  Fitton's  paper  in  Geological  Trans.). 
1829.  list,  etc.,  of  Fossu  Shells  (Sedgwick  and  MurchiBon's  paper  on  the  Structure  of 

the  Eastern  Alps,  etc.).    Geol.  Trans. 
1835.  FoflsU  Shells  (Dr.  Buckland,  "  Bridj^ewater  Treatise'*]. 
1837.  On  the  genus  Crioceratites  and  on  SeaphiUs  gigaa.    Geol.  Trans. 
„     Descriptions,  etc.,  of  Fossil  Shells  (Sedgwick  and  Murchison's  paper  on  the 

Physical  Structure  of  Devonshire),    tieol.  Trans. 


Ditto  ^Captain  Grant's  paper  on  Geology  of  Cutch,  India).    Geol.  Trans. 
Ditto  (Colonel  Sykes'  paper  on  Geology  of  Cutch).    Gteol.  Trans. 
Ditto  (Mr.  Prestwich,  Colcbrookdale).    Greol.  Trans. 
Ditto  (Mr.  Wetherell,  Hampstead).    Geol.  Trans. 


1839. 

1842.  List  of  Silurian  Fossils  from  Rhenish  Provinces.    Geol.  Trans. 

I860.  Description  of  MoUusca  in  Dixon's  Geology  of  Sussex, 
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Jambs  Yates,  F.RS.,  F.G.S.,  &o, — ^With  regret  we  record  Uie  loa 
of  this  amiable  and  learned  man  of  science.  James  Yatee  was  bom  at 
Liveq)ool  in  1789.     He  studied  at  Edinburgh  and  Glasgow,  taking 
his  M.A.  in  1812.     The  early  years  of  his  aotiye  life  wero  devoted  to 
the   ministry  in   connexion  vrith   the  Unitarian    Church,   finft  at 
Glasgow,  then  at  Birmingham,  and  finally  at  London.     Having  re- 
tired from  the  ministry,  he  devoted  himself  to  scientific  and  literajy 
pursuits.     He  was  elected  a  member  of  the  Geological  Society  in 
1819,  of  the  Linnaean  in  1822,  and  of  the  Royal  in  1839.     He  was 
one  of  the  founders  of  the  British  Association,  and  took  an  active 
part  in  its  early  management.     In  later  years  he  specially  devoted 
his  attention  to  the  question  of  a  uniform  international  system  of 
decimal  coins,  weights,  and  measures.     This  subject,  together  with 
the  arranging  and  annotating  the  Oanton  Papers  for  the  Hoyal  Society, 
engaged  his  thoughts  up  to  the  time  of  his  death.     His  first  paper 
was  published  in  the  original  series  of  the  Greological  Transactions  in 
1821.     It  was  devoted  to  a  description  of  an  argillaceous  limestone 
from  Staffordshire.     This  was  followed  by  others  treating  of  petro- 
logical,  stratigraphical,  and  palseontological  questions.      He  early 
devoted  attention  to  the  remarkable  Oolitic  Cycads  of  Yorkshire ;  and 
submitted  to  the  Yorkshire  Philosophical  Society  a  restoration  of 
their  numerous  though  fragmentary  remains,  which  was  the  first 
attempt  at  a  scientific  estimate  of  their  relations  to  known  structures. 
Ho  was  specially  fitted  to  deal  with  these  fossils,  from  his  extensive 
acquaintance  with  the  living  Cycads.     In  his  Palm  House,  at  High- 
gate,  he  had  collected  the  largest  series  of  living  Cycads  that  have 
ever  belonged  to  a  private  individual,  or  that  have  been  brought 
together,  perhaps,  in  any  public  institution.     Considering  the  im- 
portant part  which  the  Cycads  have  played  in  the  Secondary  Floras 
of  Britfiin,  few  sights  in  the  neighbourhood  of  London  were  more 
instructive  to  the  geologist  than  Mr.  Yates's  Cycadeje,  which  were 
always  open  to  every  inquirer.     Indeed,  IVlr.  Yates  seemed  to  realize 
that  his  collections  were  performing  their  highest   functions  and 
amply  repaying  all  his  trouble  and  labour  when  they  were  made  the 
means  of  supi)lying  information  to  scientific  men.     He  made  exteo- 
sive  notes  on  his  specimens,  and  when  chance  gave  him  a  dead  plant 
or  a  fruit,  ho  carefully  dissected  it.     Some  of  these  valuable  observa- 
tions have  been  i)ul)lished  in  ihe  Lhmcean  Journal  mid  the  Gardener  i 
Chronicle,     llis  botanical  manuscripts,  and  his  collection  of  dried 
foliage  and  fruits  of  Cycadeie  he  i)resented  some  years  ago  to  the 
pK^tauical  Department  of  the  British  Museum.     Miquel  dedicated  a 
species  of  Zauiia  to  him,  and  Mr.  Carnithers  gave  his  name  to  a 
genus  of  fossil  Cycads,  the  type  of  which  was  published  in  the  Fourth 
y(.>lumo  of  this  Magazine,  Plate  IX.,  under  the  name  Ci/cadoid^a 
Yati'ftii  being  now  Yatesia  Morrisii,   James  Yates  died  at  Landenhile 
House,  lligligate,  on  the  7th  of  May,  1871,  at  the  age  of  82.     He 
has  left  a  handsome  bequest  to  the  Geological  Society,  which  will 
long  preserve  his  memory  among  the  members  of  that  Societv.    A 
_  large  circle  will  not  soon  forget  the  extensive  learning,  the  thorough 
H^egrity,  and  the  unvaried  urbanity  which  characterized  their  de- 
^^*ed  friend.  W.  C. 
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SIB  RODERICK  IMPEY  MURCHISON,  Bart,  K.C.B.,  LL.D., 

D.C.L.,  M.A.,  F.R.S.,  F.Q.S., 

Dirtctor-General  of  the  Geolo^^cal  Survey  of  Great  Britain  and  Ireland ;  late  Presi- 
dent of  the  Royal  Geoffraphioal  Society  of  London;  Trustee  of  the  British  and 
Honterian  Museuma,  and  oi  the  British  AsMciation  for  the  Adyaneement  of  Science ; 
Kemher  of  the  Imperial  Academy  of  Sciences,  the  Geoeraphical  and  Mineralogical 
Societies  of  St  Petershurg;  Corresponding  Member  of  the  Imperial  Academy  of 
Vienna,  of  the  Royal  Academy  of  Hun^ir,  of  the  Institute  of  France ;  Honorary 
Member  of  the  Royal  Academies  of  Berlm,  Copenhagen,  Stockholm,  Brussels,  Munich, 
Holland,  Turin,  Rome ;  and  of  the  Scientific  Societies  of  Switierland,  Moscow, 
Breslau,  Frankfort,  Boston,  New  York,  Philadelphia,  eto.,  etc.,  eto. 

Bom  February,  19,  1792;  Died  October  22,  1871. 

(With  ▲  Pobtba.it.) 

THE  death  of  Sir  Roderick  Murchison,  although  at  the  ripe  age  of 
80  years,  is  a  loss  which  Geologists  and  Geographers  are  alike 
called  upon  to  mourn.  In  relation  to  hoth  these  sciences,  he  has  for 
many  years  justly  occupied  the  most  prominent  positions.  But, 
apart  from  his  high  social  and  scientific  standing,  he  was  a  man  full 
of  genial  and  kindly  feeling,  who  could  be  readily  approached ;  and 
those  who  knew  him  most  intimately  acknowledge  that  he  was  never 
known  to  fail  his  friends  in  the  hour  of  need,  but  was  ready  to 
aid  them  with  his  advice,  his  influence,  and  his  purse,  as  many  a 
young  scientific  man  amongst  us  can  testify. 

Bom  at  Tarradale,  in  Ross-shire,  he  received  his  early  education  as 
a  boy  at  the  Grammar  School  at  Durham. 

But  the  associations  of  his  Highland  home — his  ancient  Scottish 
podigree,  numbering  in  the  long  roll  many  a  staunch  supporter  of 
the  Stuarts,  who  bad  freely  laid  down  their  lives  for  their  Sovereign 
— combined  with  the  stirring  events  which  marked  the  period  of 
his  own  youth,  no  doubt  powerfully  influenced  young  Murchison  in 
selecting  a  profession,  until  in  imagination  he  too,  like  Roderick  Vich 
Alpine,  heard  the  mountains  say — 

"  To  you  as  to  your  sires  of  yore. 
Belong  the  target  and  claymore!" 

Having  made  up  his  mind  to  follow  the  military  profession,  he  was 
sent  by  his  father,  Mr.  Kenneth  Murchison.  to  the  Royal  Military 
College,  Great  Marlow,  after  which,  having  pursued  his  studies  for  a 
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few  montlui  at  the  XTniTeitily  of  Edinbnzs^  he  ohMned  a 
xniaBioii  in  the  army  in  1807,  luid  joining  his  zegiment  tte  ftDowiw 
year,  aenred  in  the  d6th  Foot  with  the  am^  in  Spain  and  Batupi   ^ 
under  Lord  WeUingion,  afterwards  on' the  Staff  ■ 

Sir  Alexander  Maoraine,  and  lastly  aa  Captain  in  tike  fifli  Dnmm, 
He  took  an  aotiYe  part  in  aeveral  of  the  moat  impontaat  bamea  ia 
the  war,  and  earned  the  repatation  of  being  a  fazava  and  aUa  oAok 
He  oarried  the  ooloura  of  hia  regiment  at  me  Battla  lof  Tinnanii  aai 
afterwarda  aooompanied  the  army  in  ita  advanoe  to  HaAid  and  &i 
junction  with  the  force  under  ffir  John  Moore,  and  abnad  in  fta 
dangers  and  retreat  at  Oomnna.  At  the  end  of  the  wmt  in  ISU^  bl 
married  Charlotte,  only  daughter  of  the  late  Genanl  naMh 
Hugonin.  It  waa  Sir  Boderiok*a  own  oomietion  ibat  lb  baa  "wMi 
influence  waa  mainly  to  be  attributed  the  ohoioa  be  made  in  frOowbg 
adentific  puisuita  with  her,  and  giving  up,  as  be  did,  Ae  uiJiiim|  \ 
amusements  of  a  retired  cavalry  officer.^  She  wis  bis  ftiend»  etm  i 
panion,  and  fdlow-labouzer,  in  geology  aidhg  faim  in  Ua  obaanar 
tiona,  and  making  for  him  those  remarkable  fleoloffioal  ^^^M—  rf 
limdacape  that  ilhiatrate'  hia  worica.  He  ia  abo  said  to  have  siri^ 
become  acquainted  with  Sir  Humphry  Davy,  wlm  aognatod  io  Hm 
that  he  ahould  attend  the  leotatea  of  tiie  Boyal  InStetion.  lUl 
advice  he  followed,  and  he  alao  atudied  with  Hr.  Bichaaed  Pbflllp^ 
x^*H.S« 

In  1825  he  waa  elected  a  Fellow  of  the  Geological  Sodsljflf 
London,  and  in  the  aame  year  he  read  hia  first  paper  on  ^na 
Geological  Formation  of  the  North-west  extremity  of  Snasez,  sad 
the  adjoining  parts  of  Hants  and  Surrey,"  before  that  Society.' 

In  1826  he  recorded  the  results  of  his  investigations  in  the  Oolitio 
series  of  Sutherland,  Boss,  and  the  Hebrides,  and  in  the  same  yaar 
he  was  elected  to  the  Fellowship  of  the  Boyal  Society ;  the  follow- 
ing  year  he  again  visited  the  Highlands  in  company  with  Profeaaor 
Sedgwick  and  succeeded  in  showing  that  the  primary  Sandstone  of 
McCulloch  was  really  the  true  Old  Bed  Sandstone  or  Devonian. 

In  1828  he  resolved  to  extend  his  researches  abroad,  and  to  sti^ 
the  extinct  volcanos  of  Auvergne  and  the  geology  of  the  TjrroL  m 
was  accompanied  on  this  occasion  by  Mr.  (now  Sir  Charles)  LyeU. 

Following  Dr.  Buckland*s  advice,  Murchison  next  devoted  him* 
self  to  a  careful  examination  of  the  geology  of  Hereford,  ShropsfaiiQb 
and  the  Welsh  Borders,  the  ancient  country  of  the  SilureM,  and  it 
was  upon  this  investigation  that  his  great  Silurian  system  was  afte^ 
wards  founded. 

These  researches  he  afterwards  followed  up  by  others  in  Psm- 
brokeshire,  to  the  west  of  Milford  Haven ;  and  his  conclusions  as  to 
the  stratigraphical  relation  between  the  Devonian  and  the  undfl^ 

1  See  notice  of  Lady  Murchison,  Geol.  Mao.,  1869,  VoL  YI.,  p.  227,  by  FmI 
Oeikie.  F.  U.S.,  President  Edinburgh  Geulogical  Society. 

*  Tiiirt  pnpcr  is  of  ^reat  historical  interest,  being  accompanied  by  a  letter  fkom  At 
illustrious  iiaron  (-uvier,  in  which  he  gives  a  detailed  description  of  the  Rflptitif 
remait)s  forwarded  to  him  by  Mr.  Murchison  for  examination.  The  spedmens  whioh 
are  figured  and  described  in  this  paper  are  now  preserved  in  the  BritiiQ  Maseam. 
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ing  Silurian  systems  was  made  public  at  the  meeting  of  the  British 
isociation  for  the  Advancement  of  Science  in  1881,  but  his  great 
nrk  did  not  appear  until  1839. 

Further  geographical  investigations  in  Devon  and  Cornwall  fol- 
ired,  in  which  Professor  Sedgwick  toc^  part,  and  in  1835  and 
39,  two  journeys  were  performed  by  Sedgwick  and  Murohison  to 
)  Bhenish  P^vinces ;  on  the  latter  oocdsion  M.  de  Yemeuil  also 
x>mpanied  them.  The  result  of  these  researches,  and  comparison 
the  English  Devonians  with  those  of  Bhenish  Ptnssia,  was  pub- 
hed  in  1839,  and  a  final  classification  adopted. 
In  1840,  accompanied  by  Dcr  Yemeuil,  Murohison  visited  Bussia, 
that  period  but  very  litue  known  geologically. 
They  examined  the  banks  of  the  rivers  Yolkoff  and  Siass,  and  the 
>re8  of  Lake  Onega,  thence  to  Archangel  and  the  borders  of  the 
hite  Sea,  and  followed  the  river  Dwina  in  the  government  of 
»logda.  They  traversed  the  Yolga  and  returned  by  Moscow  to  St 
tersburg,  examining  the  Yaldai  Hills,  Lake  Ilnten,  and  the  banks 
the  rivers  which  they  passed.  They  then  returned  to  England, 
t  having  been  invited  by  the  late  Emperor  Nicholas  to  superintend 
Geological  Survey  of  Bussia,  the  two  geologists  returned  to  St 
tersburg  in  the  spring  of  1841,  and  being  joined  by  Count  Key- 
iing  and  Lieutenant  Eokscharow,  they  proceeded  to  explore  the 
al  Mountains,  the  Southern  Provinces  of  the  Empire  and  the  Coal 
Btricts  between  the  Dneiper  and  the  Don.  Li  1842  Murohison 
veiled  alone  through  several  parts  of  Germany,  Poland,  and  the 
rpathian  Mountains,  the  better  to  understand  the  relations  of  the 
)at  formations  to  each  other  over  wide  areas.  In  1844  he  ex- 
)red  the  Palaeozoic  rocks  of  Sweden  and  Norway.  In  1846-6  he 
npleted  his  great  joint  work  on  '*  The  Geology  of  Bussia  and  the 
al  Mountains,*'  in  two  quarto  volumes  of  700  and  600  pages, 
piously  illustrated  with  maps,  sections,  and  plates  of  fossils. 
»t  long  after  the  publication  of  this  work,  Mr.  Murohison  was 
ighted  by  Her  Majesty,  the  Emperor  having  previously  conferred 
rend  Bussian  orders  on  him,  including  that  of  St.  Stanislaus.  In 
49  he  received  the  Copley  medal  from  the  Boyal  Society,  in  re- 
piition  of  his  having  established  the  Silurian  system  in  geology. 
EKs  researches  (extending  over  six  visits)  in  the  Alps,  Apennines, 
1  Carpathian  mountains,  established  the  fact  of  a  graduated  tran- 
Lon  from  Secondary  to  Tertiary  rocks,  and  clearly  separates  the 
Mit  Nummulitio  formation  from  the  Cretaceous  formations  with 
dch  it  was  confounded. 

Banking  next  in  importance  to  his  definition  of  the  Silurian 
stem  was  his  differentiation  of  the  Perraians.  Having  satisQed 
nself  that  the  Lower  New  Red  Sandstone,  and  the  Magnesian 
nestone  and  Marl  Slates  constituted  one  natural  group  only,  which, 
<m  their  organic  contents,  must  be  entirely  separated  from  the 
erlying  formations,  he  proposed,  in  1841,  that  the  group  should 
leive  the  name  of  the  "Permian"  system,  from  Perm,  a  Russian 
vemment,  where  these  strata  are  more  extensively  developed 
in  elsewhere,  occupying  an  area  twice  the  size  of  France,  and  coil- 
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taiuing  an  abundant  and  varied  suite  of  fossils.     The  name  Permiu 
\A  now  generally  adopted. 

In  1854  Sir  Koderick  published  the  first  edition  of  his  best-known 
work,  "Siluria,"  which  had,  in  1867,  reached  its  fourth  edition, 
aTid  contains  oG6  pages  8vo.  of  closely  printed  matter,  41  plates  and 
explanations. 

In  1855  he  produced  a  memoir  in  conjunction  with  Prof.  Honis  on 
the  German  Palnx)zoic  rocks,  and  shows  that  there  is  no  break  be- 
tween the  Permian  system  and  the  Triassic  series. 

By  the  death  of  Sir  H.  T.  de  la  Beche,  Sir  Roderick,  in  1855,  soc- 
ceeded  to  the  post  of  Director  General  of  the  Geological  Survey  and 
the  Museum  of  Practical  Geology  in  Jermyn  Street,  which  have  owed 
their  efliciency  for  the  past  fifteen  years  very  largely  to  his  energy 
and  constant  attention. 

Sir  Roderick  Murchison  will  long  bo  remembered  both  in  the 
world  of  science  and  of  commerce  in  connexion  with  the  discovei; 
of  gold  in  Australia.  Long  years  before  the  actual  disoovery  of  gold 
in  Australia  was  made  known,  he  inferred  the  presence  of  auriferous 
deposits  in  tlie  Australian  mountain-ranges  from  the  analogy  whidt 
existed  between  their  rock-formations  and  those  of  the  Ural  monn- 
tdins,  with  the  physical  characters  of  which  he  had  made  himself 
familiar.  He  endeavoured  most  earnestly  at  the  time  to  awaken 
tht>  attention  of  the  Home  Government  to  the  great  importance  of  the 
suliject  to  our  colonies  in  the  Southern  hemisphere,  but  "with  little 

Durin;?  liis  soit-ntific  career  he  has  been  identified  most  intimatelv 
with  the  (Jeological  Society.     Ho  acted  as  Secretary  tor  hve  years.    I 
was  ekni'te*!  rresident  in  lyol-2,  and  again  in  1842-3. 

He  aided  Sir  David  15rewster,  in  1880,  to  establish  the  British 
Assueiati(»n,  of  wliieh  tor  several  vears  he  acted  as  General  Socreun*. 
He  wns  President  at  tlie  fleeting  for  1810,  at  Southampton. 

In  18-1 1  he  was  elected  IVesident  of  the  Uoyal  Geographical  S«>ciety. 
and  aiTJiin  in  iHl.'),  in  18^2,  and  in  IS/V)  ;  indeed,  ho  has  held  the 
rr(>idential  chair  of  tliat  Society  almost  down  to  the  present  lime: 
haviiiir  ]»('en  succeeded  only  a  few  months  ago  by  Sir  Heui}" 
Itawlinson. 

Ills  ener-retic  efforts  in  advocating  the  search  after  Sir  John 
yranklin  ;  liis  success  in  raising  a  nionunn>nt  to  Lieutenant  IJellot, 
of  tlie  Frencli  N.ivy  ;  liis  advocacy  of  the  explorers  of  Central  Africa. 
IJurtnii,  Speke.  Grant,  15aker,  an<l  especially  his  friend  Living>toiie. 
ap'  among  the  }>r()ofs  of  his  earnest  self-devotion  to  the  cause  o!* 
Geogva  pi  ileal  research. 

Anionust  the  nianv  workers  in  the  fields  of  science  liow  few  tliere 
ar«'  wliose  at.'tiial  iniMislied  labours  extend  over  half  a  ceiiturv:  vet 
ahiiost  tlir  last  l>lue  liook  which  has  appeared,  namely,  *' the  Kei>ort 
<»f  the  Coininissioners  ap]H)intod  to  inquire  into  the  sevei**!  v*»*^*^ 
ri'lating  to  Coal  in  the  United  Kingdom,"  (Vol.  I.  Geneml  Kojwn 
and  Twenty-two  Sub-reports,  folio,  1871 ),  bears  Sir  Kodenck's  nauie 
s«M'ontl  on  the  ( 'oniniission. 

The  (.'ounLil  of  the  Geological  Society  awarded  him  the  Wollaston 
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Gkild  Medaly  in  1864,  in  recognition  of  his  contributions  to  geology 
as  an  inductive  science.  The  Universities  of  Oxford,  Cambridge,  and 
Dublin  have  also  bestowed  on  him  their  Honorary  Degree. 

He  held  for  many  years  the  post  of  a  Trustee  to  the  British  Museum, 
i^th  great  advantage  to  the  Natural  History  Departments  in  that 
Institution,  which  he  specially  promoted. 

Sir  Roderick  was  created,  in  1863,  a  Knight  Commandant  of  the 
Order  of  the  Bath  (civil  division),  and  in  the  following  year  he 
received  the  prize  named  after  Baron  Cuvier  from  the  French 
Institute.  In  1859  the  Boyal  Society  of  Scotland  presented  him 
-with  their  first  Brisbane  gold  medal,  for  his  scientific  classification 
of  the  Highland  rocks,  and  for  the  establishment  of  the  remarkable 
fact  that  the  Gneiss  of  the  north-west  coasts  is  the  oldest  rock  in  the 
British  Islands.     He  was  created  a  baronet  in  January,  1866. 

One  of  his  latest  acts  consisted  in  offering  the  munificent  sum  of 
i£6,000  to  found  a  Chair  of  Geology  and  Mineralogy  in  the  Univer- 
sity of  Edinburgh,  on  condition  that  the  Gk)vemment  would  supple- 
ment the  proceeds  by  an  annual  grant  of  £200.  This  was  duly 
acceded  to,  and  the  chair  so  endowed,  is  now  held  by  Professor 
Geikie,  F.R.S.,  etc. 

The  death  of  Lady  Murchison  in  1869  was  most  keenly  felt  by 
Sir  Roderick,  indeed  it  may  be  said  to  have  given  him  a  shock  from 
which  he  never  wholly  recovered.  He  was  first  att€U3ked  by 
paralysis  in  December,  1870,  but  gradually  rallied  until  two  months 
since,  when  he  had  a  second  stroke,  but  the  symptoms  had  lately 
abated.  A  slight  attack  of  bronchitis,  caused  by  a  cold  caught  in 
riding  out  on  the  19th  ulto.,  ended  his  valuable  and  well-spent  life 
on  Sunday  evening,  Oct.  22,  at  8.30  p.m. 

His  scientific  career,  now  brought  to  a  close,  represents  the  period 
of  the  dawn  and  development  of  Geology  as  a  science  in  this 
country.  He  commenced  work  at  the  moment  when  William  Smith 
issued  the  first  Geologically-coloured  map  of  England,  and  he  has 
lived  on  to  see  half  the  world  surveyed  geologically,  and  has  him- 
self mapped  a  vast  extent  of  territoiy  in  Europe  for  his  Silurian 
kingdom. 

In  conclusion  (to  quote  the  words  of  the  Daily  News),  "the 
honours  he  won  are  a  great  testimony  to  the  scientific  enlighten- 
ment of  the  age.  We  have  crowned  Science  Queen,  and  all  her 
servants  form  her  court,  and  wear  the  titles  she  bestows.  And, 
truly,  a  scientific  man  earns  his  honours  more  nobly,  and  wears  them 
more  honourably,  than  those  who  win  them  in  political  intrigue  or 
on  the  field  of  battle.  Sir  Roderick  Murchison,  dying  at  eighty, 
covered  with  titles  of  literary  and  scientific  honour,  and  satisfied 
with  social  position  and  renown,  is  a  prophet  of  the  coming  time. 
He  may  not  be  looked  back  on  as  a  great  scientific  genius ;  but  ho  is 
one  of  the  pioneers  of  that  new  order  of  renown  which  is  won  by 
fruitful  service  rather  thjm  by  destructive  deeds." 

(We  are  indebted  to  the  Times  of  October  2drd,  for  a  part  of  the 
foregoing  sketch. — Edit.  Gkol.  Mag.) 
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The  following  is  a  list  of  the  Books,  Papers,  and  Memoin^  write 
by  Sir  Boderick  Murchison : — 

1.  Geological  Bketcb  of  the  North-western  Extremity  of  fliawii,  and  Ac  ad^ 
joining  parts  of  Hants  und  Surrey. — Tranfl.  Qeol.  Soe.  aer.  2,  U.  p.  97;  PUH  Mi;. 
Ixvii.  p.  70 ;  F^rusa,  Bull.  1826,  viii.  p.  24 ;  1827,  x.  p.  211. 

2.  Supplementary  Remarks  on  the  Strata  of  the  Oolitic  Seriei,  and  ^  rodi 
ajtsociatod  with  them  in  the  Counties  of  Sutherland  and  Boss,  and  in  the  Hdnda.— 
Trans.  Geol.  Soc.  sor.  %  ii.  p.  353;  Proc.  Geol.  Soe.  i.  p.  33;  PhiL  Ma;.  ■er.S.il 
p.  4'H;  Ftruu.  Bull.  1829,  xTi.  pp.  60,  188 ;  xrii.  p.  26. 

3.  On  the  Coal-field  of  Brora  in  Sutherlandahire,  and  some  ofiier  ttnnfid 
deposits  of  the  North  of  Scotland.— Trans.  Geol.  Soc.  ser.  2,  iL  p.  29S ;  Proe.  GtoL 
Soc.  i.  p.  13;  Phil.  Mag.  ser.  2,i.p.  229;  JWrMM.  Bull.  1828,  xr.  p.  25;  1829,  xfi 
p.  47. ;  Ann.  Phil.  1827,  pp.  229,  446 ;  Edin.  PhiL  Joun.  1827,  p.  188. 

4.  On  the  Tertiary  and  Secondary  Bocks  forming  tifaie  Soatiian  Flank  of  ^ 
Tyrolesc  Alps,  near  Bassano. — Proc.  Geol.  Soe.  i.  p.  137;  Phil.  M ag.  aer.  2,  ▼.  fi 
401 ;  \\.  p.  56. 

0.  On  the  Bituminous  Schist  and  Fossil  Fish  of  Scefdd  in  tiie  Tyrol. — ^IVoc  GeoL 
Soc.  i.  p.  139  ;  Phil.  Mi^.  ser.  2,  \\,  p.  67 ;  Ann.  8c.  Nat.  xviii.  p.  182. 

6.  On  a  Fossil  Fox  found  at  (Eningen  near  Constance,  with  an  aeoomt  of  the 
deposit  in  which  it  was  imbedded. — Trims.  Geol.  Soe.  ser.  2,  iii.  p.  277 ;  Pne.  GeoL 
Sue.  i.  p.  167 ;  Phil  Mag.  ser.  2,  vii.  p.  207. 

7.  Supplementary  Observations  on  the  Structure  of  the  Austrian  and  Bamin 
Ali>8.— Proc.  Geol.  Soc.  i.  p.  250;  Phil  Mag.  ser.  2,  ix.  p.  213;  BalL  Soc.  GeoL 
Fr.  i.  p.  144  ;  Leonard  und  Broun  N.  Jahrb.  1833,  p.  440. 

8.  On  the  Secondary  Formations  of  Germany,  as  compared  with  thoae  of  England; 
Proc.  Geol.  Soc.  i.  p.  326  ;  Phil.  Mag.  ser.  2,  x.  p.  46. 

9.  AddrefMi  to  the  Geological  Society,  1832. — Proc.  GeoL  Soc  i.  p.  862;  HiiL 
Ma^^.  iter.  2,  xi.  p.  363. 

10.  Observations  on  Clay,  Gravel,  Marl,  and  Sand  in  Lancashire,  eontauuij 
txisiinjj  species  of  Sea  Shells. — Beport  BriL  Assoc,  i.  p.  82. 

11.  On  the  Structure  of  the  Cotte,<wold  Ilills  and  country  round  Cheltenham: 
and  on  the  occurrence  of  Stems  of  Fossil  Plants  in  vertical  positions  in  the  Sandiiti>nc 
of  the  Inferior  Oolite  of  the  Cleveland  Hills, — Proc.  Geol.  boc.  i.  p.  388 ;  'Phil.  Mag. 
sir.  3,  i.  T>.  221. 

12.  Address  to  the  Geological  Society,  1833.— Proc.  GeoL  Soc.  L  p.  440;  Phil. 
Maj;.  ser.  3,  ii.  p.  467 ;  iii.  p.  42. 

1;>.  On  the  Secondary  Deposits  which  occupy  the  western  parts  of  Shropshire  and 


111.  p.  224. 

14.  On  Fresli water  Limestone  between  the  Seams  of  Coal  in  the  neighbourhood  of 
JShn'wsbur}-. — Phil.  Ma^.  ser.  3,  iv.  p.  168. 

IJ.  On  the  Old  Ktil  Sandstone  in  the  Counties  of  Hereford,  Brecknock,  and 
Cacnuarthen,  with  Collateral  Observations  on  the  Dislocations  which  affect  llic 
north-west  margin  of  the  South  Welsh  Coal-basin. — Proc.  GeoL  Soc.  iL  p.  U; 
l>liil.  Mag:,  ser.  3,  iv.  p.  228  ;  Z.  u.  Br.  N.  Jahrb.  1836,  p.  404. 

10.  On  tlie  Structure  and  Classification  of  the  Transition  Bocks  of  Shropshire, 
HjTifordsliirf,  and  part  of  Wales,  and  on  the  Lines  of  Disturbance  which  hoTc 
atfVcted  that  series  of  Deposits,  including  the  Valley  of  Elevation  of  Woolhope.— 
Proc.  Geol.  Soc.  ii.  p.  13 ;  Phil.  Mag.  ser.  3,  iv.  p.  370 ;  L.  u.  Br,  N.  Jahrb.  1836. 
p.  70. 

1 7.  On  the  Gravel  and  Alluvial  Deposits  of  those  parts  of  the  Cmintief  of 
Hereford,  Salop,  and  Worcester,  wliich  consi*:t  of  Old  Rtni  Sandstone ;  with  m 
Account  of  the  lluilstone,  or  Travertin  of  Spouthousc,  and  of  the  Southstoue  Koci 
near  Tenbury. — Proc.  Geol.  Soc.  ii.  p.  77 ;  Phil.  Mag.  ser.  3,  v.  p.  217. 

18.  On  c*rt;un  Trap  Kocks  in  the  Couuties  of  Salop,  Montgomerj',  Badnor. 
Brecon,  Cacnnarthen,  Hereford,  joid  Worcester  ;  and  the  ctFects  producetl  by  thtm 
upon  the  stratitiud  deposits. — Proc.  Geol.  Soc.  ii.  p.  85  ;  Phil.  Alai? .  sor.  3*,  v.  pp. 
1:2.5,  292. 

I'J.  On  an  outl}ing  Basin  of  Lias  on  the  borders  of  Salop  and  Cheshire,  with  a 
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shOTt  Acoount  of  the  Lower  lias  between  Olonoeeter  and  Woieeeter. — ^Proo.  Geol. 
8oc.  u.  p.  1 14 ;  PhiL  Mag.  ser.  3,  tL  p.  314. 

20.  On  the  New  Red  Sandstone  Seriea  of  the  Counties  of  Salop,  Stafford, 
"Worcester,  and  Oloncester. — Proo.  GeoL  Soc.  iL  p.  116 ;  PhiL  Mag.  ser.  3,  n.  p. 
816;  Z.  XL  Br,  N.  Jahrb.  1836,  p.  406. 

21.  On  certain  Coal-tracts  in  Salop,  Woroestershire,  and  North  Glonoestershire.— 
Proe.  GeoL  Soc  iL  p.  119. 

22.  On  certain  Lines  of  Elevation  and  Dislocation  of  the  New  Bed  Sandstone  of 
Korth  Salop  and  Staffordshire,  with  an  Account  of  Trap  Dykes  in  that  Formation, 
at  Acton  Reynolds  near  Shrewsbury.— Proc.  GeoL  Soc.  u.  p.  194 ;  PhiL  Mag.  ser.  3, 
TiL  p.  416. 

23.  On  the  Silurian  System  of  Rocks. — Phil.  Mag.  ser.  3,  yiL  p.  46. 

24.  On  the  recent  DiscoTery  of  Fossil  Fishes  ^alcBoniseua  eatoptenu,  Agassiz^  in 
the  New  Bed  Sandstone  of  Tyrone,  Ireland. — Proc.  Geol.  Soc.  ii.  p.  206 ;  Pail. 
Hag.  ser.  3,  yiii.  p.  72 ;  L.  u.  Br,  N.  Jahrb.  1836,  p.  736. 

26.  On  the  (Geological  Structure  of  Pembrokesnire,  more  particularly  on  the 
Extension  of  the  Silurian  System  of  Rocks  into  the  coast  cliffs  of  that  country. — 
Proc.  Geol.  Soc.  II.  p.  226 ;  Phil.  Mag.  ser.  3,  viii.  p.  661. 

26.  On  the  Grayel  and  Alluna  of  S.  Wales,  and  Siluria  as  disting^hed  from  a 
northern  Drift  coyering  Lancashire,  Cheshire,  N.  Salop,  and  parts  of  Worcester  and 
Gloucester. — Proc  Geol.  Soc.  ii.  p.  230 ;  Phil.  Mag.  ser.  3,  Tiii.  p.  666. 

27.  On  the  Silurian  and  other  Rocks  of  the  Dudley  and  Wolverhampton  Coal-field, 
followed  by  a  Sketch  proying  the  Lickej  Quartz  Rock  to  be.  of  the  same  age  as  the 
Garadoc  Sandstone. — Proc.  Geol.  Soc.  ii.  p.  407 ;  PhiL  Mag.  ser.  8,  ix.  p.  489 ;  L, 
XL.  Br,  N.  Jahrb.  1838,  p.  697. 

28.  On  the  Supposed  Existence  of  the  lias  Formation  in  Africa. — ^Proc.  Geol.  Soc. 
iL  p.  416 ;  PhiL  Mag.  ser.  3,  ix.  p.  496 ;  X.  u.  Br,  N.  Jahrb.  1838,  p.  197. 

29.  On  a  specimen  from  the  Oar's  Rook,  nine  mUes  south  of  Little  Hampton, 
Sussex. — ^Proc  Geol.  Soc.  ii.  p.  686 ;  Phil.  Maff.  ser.  3,  xiii.  p.  387. 

. 30.  On  Fishes  of  the  Ludlow  Rocks. — Rep.  JBrit  Assoc  Ti.  Sect.  p.  91. 

'31.  Address  to  the  British  Association  for  the  Advancement  of  Science  (New- 
castle).— Rep.  Brit.  Assoc,  p.  xxxi. 
^     32.  The  Silurian  System  founded  on  Geological  Researches  in  the  counties  of 
^  Salop,  Hereford,  Radnor,  Montgomery,  Caermartnen,  Brecon,  Pembroke,  Monmouth, 
Gloucester,  Worcester;  and  Stafford.    4to.  Lond.  1839. 

^  33.  On  the  Carboniferous  and  Devonian  system  of  Westphalia. — ^Rep.  Brit.  Assoc. 
1839,  Sect.  p.  72. 

34.  On  the  Classification  of  the  older  Stratified  Rocks  of  Devon  and  ComwalL— 
Phil.  Mag.  xiv.  pp.  241,  817,  364 ;  Ed.  New.  Phil.  Joum.  xliii.  p.  33. 

36.  Sur  les  Roches  D^voniennes  du  Boulonnais. — BulL  Soc.  G^ol.  Fr.  xL  p.  229 ; 
X.  u.  Br,  N.  Jahrb.  1841,  p.  772. 
^36.  Fishes  of  the  Old  Red  Sandstone.— Rep.  Brit.  Assoc.  1840,  Sect.  p.  99. 
'^^  37.  On  a  section  with  a  list  of  Fossils  from  the  State  of  New  York,  by  James  Hall, 
Big, — Proc.  GeoL  Soc.  iii.  p.  416 ;  Phil.  Mag.  ser.  3,  xix.  p.  630. 

38.  Address  to  the  Geol.  Soc,  1842.— Proc.  Geol.  Soc  iii.  p.  637;  PhiL  Mag. 
ser.  3,  XX.  p.  641 ;  Edinb.  New.  Phil.  Joum.  xxxiii.  p.  124. 

39.  On  tne  Salt  Steppe  south  of  Orenburg,  and  on  a  remarkable  Freezing^  Cavern. 
Proc.  Geol.  SociiL  p.  695;  Phil.  Mag.  ser.  3,  xxi.  p.  367;  Edinb.  New.  Phil.  Joum. 
xxxiv.  p.  10. 

40.  On  Tchomoi  Zem,  or  Black  Earth  of  Central  Russia. — Proo.  G^L  Soc.  iii.  p. 
712 ;  Phil.  Mag.  ser.  3,  xxiL  p.  71 ;  Joum.  Agric.  Soc.  Engl.  iii. 

41.  On  some  of  the  results  of  his  Second  Greological  Survey  of  Russia. — Proc. 
Geol.  Soc  iii.  p.  717 ;  Edinb.  New.  Phil.  Journ.  xxxii.  p.  99;  PhiL  Mag.  ser.  3, 
xix.  p.  417 ;  Ann.  and  Mag.  Nat.  Hist.  ser.  1,  viii.  p.  289. 

42.  Inaugural  Address  at  the  first  General  Meeting  of  the  Dudley  and  Midland 
GeoL  Soc  Jan.  1842,  Lond. 

43.  On  the  distinction  between  the  Striated  Surface  of  Rocks  and  Parallel  Undu- 
lations dependent  on  Original  Stracturc — Rep.  Brit.  Assoc.  1842,  Sect.  p.  63. 

44.  Address  to  the  Geological  Society,  1843.— Proc  Geol.  Soc.  iv.  p.  66 ;  Phil. 
Mag.  ser.  3,  xxlL  p.  611 ;  Eainb.  New.  Phil.  Joum.  xxxv.  p.  116. 

46.  On  the  occurrence  of  Freshwater  Beds  in  the  Oolitic  Deposits  of  Brora, 
Sntherlandshire ;  and  on  the  British  Equivalents  of  the  Neooomian  System  of  Foreign 
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Oe- ".  -ripi-  — Pr:»c-  Gt^ol.  St»t.  ■>.  p.  174 :  Piil.  M«r.  ser.  3.  xxit.  p.  72;  L.ilBt, 

4*..  jir  -}VrE-fcT.  ?yfV'!L"  fcf  c;-T.lJt*d  »  Genn&UT.  "with  cv-'llAterBl  ohe€TTiiiioBs 
'.■L  ; TL-_fcr  l»*:».»t:is  :l  -.iLtr  f.-uLtn**;  friiiiriir  tiat  lioUie-tCidte-liv^^sdf,  Kc|tt'ei- 
t>  !.-••.:.  Z-.'.LVirjL,  LTii  Tit  l.^tT  Li'Si'sr.-ii*  c-.'L«tiratt  the  Upper  Member  of  t&< 
l-t-^r- ■/..'.  h>.kf.— ht-p.  Lhi.  Aifr'x.  lS4o.  Seti.  p.  52. 

47  Oi  li'i  iTLjK-rtiii  Aoi-*^:  T>  r-jK^i-EilT  niidc  to  the  Foaiil  cfmtents  of  the 
TrrrLTi  fc-.i  Al.::rii:  bhadr  oi  lit  Midlt  lliJnt.— K<:p.  Brit,  Am<*c.  1S43.  Sect.  p.  55. 

4?.  Aul;Ttr^trT  AidrtA-^  i--  lit  iii-Tal  G*>mp':iical  Sc«ietT  of  Lc'udoxL — Jonra. 
B  T   Gt  iT.  .>'.•:   izT. :  it..  iH4. 

i>.  "•'wriaT>--L?  ■■•1  :it  Vril  Mr-HLtidni  to  a&^-^iEpaiiT  a  ncv  Map  of  the  Southen 
p-.-rrl.'L  vf  liii  CiuL- — J: "an.  li-j.  G*^-jt.  S«.  TJii.  p.' 269. 

0*.'.  '  »i  tit  Pi!:*-:zj:c  Dt^^-fiif  of  Si-..irni:TiaTia  and  the  Baltic  ProTinces  of  Russia, 
ai:C  :L*ir  r€.a::Lj  i-..  A7  -Ic  it  TL-.re  initnt  Cryrtalaiifc  B/K?k»  :  with  an  Account  of 
K :?;•-  i'r--it  i'larj-^  '.'  !•>'. .-.vir •. n  iLd  Mftamorphism  alc-ng  iheir  northern  frontiers. 
— V:>K.  Ot-.I.  Sx.  iv.  p.  *V"i :  J;urL.  G<-.'i.  SiX.  i.  p.  4^7;  Rtp.  Brit-  Aseoc.  lS44.r 
S'.CT.  p.  5S;  Vfrii:.i  Kiis.  Min.  G-i-s-llrfli,  Pittr**..  1S44. 

•51.  1-riLTi.tLt-  cl  a  G€-']>2^?t. — l^uin.  Kt'T.  Luiii.  p.  324. 

Kf'J.  i.»h  xht  Pil* ■Z'.-:c  I»tp*iis  •:•!  tLt  B^in  of  Chri«tiania. — Fdrhand.  Skaad. 
"Saviri.  Mo!<r.  Cbriiiiiiia.  1S45. 

5'i.  On  '.it  .SupiTiciai  Dt trims  of  Sweden,  and  on  the  Probable  Caoses  whieh 
].'i\*  u if •>!«-•]  the  hfuiitit  *.'{  ttie  B-xks  in  the  Central  and  Southern  portions  of  that 
Kiii::'i  'Ti.. — Jo-iim.  Ge:-*.  S-x.  ii.  p.  350. 

oi.  Outline  of  the  Gi.-.'lojy  of  the  Neighbourhood  of  Cheltenham.  Svo.  Chclteo- 
him.  1  S3i. — tA.  2.f  auiineiitcd  br  /.  Buckman  and  if.  £.  Strickland.  8to.  London, 
iMo. 

'/■!;.  Ol  the  Silurian  H^joks  of  Cornwall,  with  Opinions  on  the  Gold  of  Au«txalia. 
— 'I'TiiTii,  K.  Gm.'I.  Six-..  Cumwall:  Ann.  and  Ma^.  S'at.  Hi^^t.  xix.  p.  326. 

of).  On  t'.«.-  Silurian  and  as!^x-i:ited  Rock»  in  DsdecJiriia.  and  on  the  succession  from 
L<.H«:r  !••  U)>p';r  Silurian  in  Stuwand.  Oeland.  aud  Gothland,  and  in  Scania. — JourzL 
G'"l.  ^i'  .  i.i.  I'.  1. 

.07.  A>'.'r:--  t^..  tbf-  Kri:i-h  A«-..i.:at:'.'n  fur  the  Advarctment  of  Siience  (Southjimp- 
Xoh^.—  Vo]).  hrit.  .\-i'H;.,  1>4';. 

.OS  -  .A'i'Jitji.ii.il  l:t-ni:irke  t^n  tht  Deposit  of  CEningiu,  in  Switzerland. — Journ. 
Gt'-l.  S'M .  ili.  p.  .54. 

:'/.*.  (Ml  'hi.  MeuniiJir  originally  attached  to  the  term  **  Cambrian  System,*'  and  on 
tb'.  i:\vh  Lt*:f  s'lTn.-t.  «'bt;iint.d  ol  its  ]jtiii;r  L'tolL';riiaIly  !>\TionynniU.s  with  the  prtTii«u*'.T 
»-t.'i'.ii«b' 1  t«;nn  •'Lowvr  Silurian.*' — Juum.  Gt'ol.  Soc.  iii.  p.  ICo ;  Edin.  X.  Phil. 
J'Hjrii.  xliii.  p.  147. 

•  OO.  Iiiir'if|iirtii>n  to  a  Second  Memoir  of  Capt.  Vimry  on  the  G oology  of  part* 
of  Siii'b.-.—  .Tourn.  G«'il.  Sur.  iii.  p.  .'Wl. 

01.  On  till-  lJi-.tril»iiiion  ot  GolJ  (Jre  in  the  Crust  and  on  the  Surface  of  the  Earth. 
~R<p.  lint.  Assnc.  1840,  Sut.  p.  rtO. 

02.  On  "the  Silurian  Rocks  of  iJohemia,"  with  Remarks  on  the  Devonian  Rocks 
of  Moravia. — h>linb.  N»  w.  I'hil.  Journ.  xliv.  p.  06. 

03.  On  the  Otolojnf.al  Structure  of  the  Alps,  Apennines,  and  Carpathians,  more 
especially  to  prrjvt-  a  tran.^ition  from  Secondary  to  Tertiary  Rocks,  and  the  dcTciup- 
ment  of  Eocene  Depo*iit.»<  in  Soutlum  Europe. — Journ.  Gtol.  Soc.  v.  p.  157. 

04.  On  tb«-  Distribution  o!  tbe  Superficial  Detritus  of  the  Alps,  as  compared  with 
that  of  Nortliern  Europe*. — Journ.  Geol.  Soc,  vi.  p.  05  ;  Edinb.  New.  Phil.  Journ., 
xlviii.  p.  250. 

05.  On  tlie  f!^irlicr  Volcanic  Rocks  of  the  Papal  States,  and  the  adjacent  parts  of 
Italy. — Journ.  Ocol.  Soc.  vi.  p.  281. 


OH.  Tbe  Slaty  Rocks  of  the  Sichon,  (ir  Northern  end  of  the  Chain  of  tbe  Forez  in 
Ccntr.il  France,  sbown  U>  be  (»f  Carboniferous  age. — Journ.  GcoL  Soc.  vii.  p.  13. 

of  the  Forez 
Carboniferous 
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^^  70.  Reriew  of  the  labours  of  M,  Barrande  in  preparing  his  important  work,  **  The 
"''^Silurian  System  of  Bohemia.'* — Rep.  Brit.  Assoc,  1860,  Sect.  p.  97. 

^^71.  On  the  Origin  of  the  Mineral  Springs  of  Vichy.---Joam.  GreoL  Soc.  yii.  p.  76. 
^^72.  On  the  Silurian  Rocks  of  the  south  of  Scotland. — Joum.  GeoL  Soc.  vii.  p.  137. 
^  73.  On  the  Distribution  of  the  Flint-drift  of  the  south-east  of  England  on  the 

Flank  of  the  Weald,  and  oyer  the  Surface  of  the  South  and  North  Downs.— Joum. 

Geol.  Soc.  yii.  p.  349. 
^^  74.  On  the  Anticipation  of  the  Discoyery  of  Gold  in  Australia ;  with  a  general 

▼lew  of  the  Conditions  under  which  that  Metal  is  discoyercd. — Joum.  Geol.  Soc.  yiii. 

p.  134. 
^^1b,  A  few  Remarks  on  the  Silurian  Classification. — SHU,  Am.  J.  ser.  2,  iii.  p.  404. 

76.  Palaozoisches  Gebirge  :     Silurisches,    Deyonisches,  und  Kohlen-Systcm. — 
Instit.  X.  p.  360;  X.  u.  Br.  N.  Jahrb.  1843,  p.  621. 

77.  On  the  Distribution  of  Gold. — Proc.  !EU)y.  Inst.  March,  1850. 

78.  Siberia  and  California.    Article  on  the  natural  diffusion  of  Gold. — Quart. 
Reyiew,  Ixxxyii.  p.  395. 

79.  On  the  former  Changes  of  the  Alps. — Proc  Roy.  Inst  March,  1851. 

80.  Anniyersary  Address  to  the  Royal  Greographical  Society,  1852. — Joum.  Roy. 
Geogr.  Soc 

81.  Communication  of  Lr,  A,  Fkmxngi  Memoir  on  the  Salt  Range  of  the 
Panjaub. — Joum.  Geol.  Soc.  1852. 

^  82.  On  the  meaning  attached  by  Geologists,  during  the  last  ten  years,  to  the  term 

**  Silurian  System."— Joum.  Geol.  Soc  1852. 

83.  A  general  yiew  of  the  Palaeozoic  Rocks.  8yo.  London. 
^  84.  On  some  of  the  remains  in  the  Bone-bed  of  the  Upper  Ludlow  Rock. — Quart 

Joum.  GeoL  Soc,  Lond.  1863,  yol.  ix.  p.  16. 

^85.  Additional  Obseryations  on  the  Silurian  and  Deyonian  Rocks  near  Christiania, 

in  Norway,  etc. — Quart.  Joum.  Geol.  Soc,  1855,  yol.  zL  p.  161. 
^^^86.  Presidential  Address  to  Section  C.  British  Association  for  the  Adyancement  of 

Science,  Glasgow  Meeting,  1855. 

^^7.  On  Fragments  of  fir-wood  in  the  Islands  of  the  Arctic  Archipelago ;   with 

remarks  on  the  Rock-specimens,  etc — Quart.  Joum.  Geol.  Soc,  1855,  yol.  xi.  p.  536. 

8S.  On  the  Discovery  by  Mr.  Slimon  of  Fossils  in  the  Uppermost  Silurian  Rocks, 

•""near  Lesmahagow,  in  bcotland,  with  obseryations  on  the  relations  of  the  PalH>ozoic 

Strata  in  that  part  of  Lanarkshire.— Quart.  Joum.  Geol.  Soc,  1856,  yol.  xii.  p.  15. 
^^^^  89.  Notes  on  the  Relative  position  of  the  Strata,  near  Ludlow,  containing  Icnthyo- 

dorulitcs,  described  by  Sir  P.  Egerton.    (h).  cit.  1857,  vol.  xiii.  p.  290. 
^^^90.  The  Silurian  Rocks  and  Fossils  of  Norway  as  describeaby  M.  Th.  Kiemlf, 

those  of  the  Baltic  provinces  of  Russia,  by  Prof.  Schmidt ;  and  both  compared  with 

their  British  equivalents.    Op.  cit.  1858,  vol.  xiv.  p.  36. 
^^^^  91.  On  the  succession  of  Rocks  in  the  Northem  Highlands,  from  the  oldest  Gneiss 

through  strata  of  Cambrian  and  Lower  Silurian  Age  to  the  Old  Red  Sandstone 

inclusive.— Op.  cit.  1858,  vol.  xiv.  p.  501. 
^  92.  Results  of  Researches  among  the  older  Rocks  of  the  Scottish  Highlands. 

— British  Association  Reports.  Section  C,  1858,  Glasgow. 
93.  "  SDurian  System."— Third  edition,  1859.    8yo. 

>«-94.  On  the  Accession  of  the  older  rocks  in  the  Northemmost  Counties  of  Scotland ; 

with  some  observations  on  the  Orkney  and  Shetland  Islands.    Quart.  Joum.  Geol. 

Soc,  1859,  vol.  xy.  p.  353. 

,^-^95.  On  the  Sandstones  of  Morayshire  (Elgin,  etc.),  containing  Reptilian  remains; 

and  on  their  relations  to  the  Old  Red  Saniutone  of  tiiat  county.      Op.  cit,  1859, 

▼ol.  xv.  p.  419. 

^^  96.  Supplemental  Observations  on  the  Order  of  the  Ancient  Stratified  Rocks  of  the 

Korth  of  Scotland,  and  their  associated  &uptiye  Rocks.    Op.  cit.,  1860,    vol.  xiv. 

p.  215. 
^^^Vl,  Presidential  Address  to  the  Geological  Section  of  the  British  Association, 

Manchester,  1861. 

98.  On  the  Inapplicability  of  the  new  term  "  Dyas  "  to  the  "  Permian"  Group  of 
Bocks,  as  proposed  oy  Dr.  Greinitz.    The  Geologist,  vol.  y.  1862,  p.  4. 

99.  On  the  Permian  Rocks  of  North-Eastem  Bohemia.    Quart.  Joum.  Geol.  Soc 
nd.,  1863.,  vol.,  xix.  p.  297. 

100.  On  the  Gneiss  and  other  Azoic  Rocks,  and  on  the  superjacent  Palaeozoic 
Formations  of  Bayaria  and  Bohemia.    Op.  dt  1863,  yoL  xix.  p.  354. 
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101 .  May,  1863.    Anniyenaiy  Address  to  the  Boyal  Geognphieal  Society. 

102.  May,  1864.  Ditto  Ditto. 

103.  Note  on  communicatiiif  the  Notes  and  Map  of  Dr.  Jalius  Haast  upon  tke 
Glaciers  and  Kock-Basins  of  l^w  Zealand. — Quart.  Jonrn.  GeoL  See  Loodoo,  ISflS. 
Tol.  xxi.  p.  129. 

104.  Address  as  President  of  Section  C.  British  Ansociatiop,  Birmingham,  1866.r- 
Geol.  Mao.  VoL  II.  p.  462. 

106.  On  the  Lanrentian  Bocks  of  Britain,  Bayaria  and  Boheniia.  1866. — Gioi. 
Mao.  Vol.  II.  p.  97. 

106.  A  few  more  words  on  the  Lanrentian  Rocks,  and  the  proofs  of  their  fiTrtmw 
in  Britain.    1866.— Gtol.  Mag.  Vol.  IL  p.  147. 

107.  Obserrations  on  the  Classification  of  the  Silurian  Bocks :  aa  an  Introdneticii 
to  Mr.  Davidson's  Monograph  of  the  Silurian  Brachiopoda. — Palfldontogiaphical  Sec 
Tol.  zix.,  1866. 

108.  A  Review  of  Alphonse  Fayre's  Geological  Researches  in  SaToj,  Fiednmit, 
and  Switzerland  (signed  K I. M.) — Gbol.  Mag.  1868,  Vol.  V.  p.  187. 

109.  Note  comparing  the  Geological  Structure  of  North-western  Siberia  with  HbaX 
.  of  Russia  in  Europe.    Quart.  Joum.  Geol.  Soc.,  1869,  toI.  zxt.  p.  1. 

110.  Introduction  by  Sir  R.  I.  Murchison,  Bart,  to  Notes  on  me  Satheiland  Odd- 
Field,  by  Rev.  J.  M.  Joass. — On.  cit.  1869,  vol.  xxt.  p.  314. 

111.  ''On  the  succession  of  tne  Laurentian,  Cambrian,  and  Lower  Sihuian  Bocfa 
on  the  shores  of  Loch  Broom.*'  Braemore,  Ullapool.  Trans.  Edinburgh,  GeoL  Soc 
Dec.  2,  1869.     1870,  Gbol.  Mag.  Vol.  VII.  p.  134. 

Joint  Pafebs. 

1  (a^.  Murchison  (R.I.)  and  Lyell  (C.)  On  the  Tertiary  Freshwater  FormatioiB 
of  Aix  in  ProTcnce,  including  the  Coal-field  of  FuYoau.— Proc.  Geol.  Soc.  i.  p.  150 : 
Edinb.  New  Phil.  Joum.  vii.  p.  287. 

2  (a).  Murchison  (R*IO  <^^  Strickland  (Hugh  £.)  On  the  Upper  Fomiationiof 
the  New  Red  Sandstone  System  in  Gloucestershire,  Worcestershire,  and  Warwick- 
shire ;  showing  that  the  Red  or  Sidiferous  Marls,  including  a  peculiar  Zone  of 
Sandstone,  reprc-sont  the  "Keuper"  or  "Marnes  Iri86es,"  with  some  account  of  the 
underlying  Samlstone  of  Ombersley,  BromsgroYe  and  Warwick,  proving  that  it  u 
the  *' Banter  Sandstein"  or  "  Gr6s  Big^rre"  of  Foreign  Geologists. — Trans.  Geol. 
JSoc.  ser.  2.  v.  p.  331 ;  Proc.  Geol.  Soc.  li.  p.  563. 

3  (d).  Murchison  (K.l.)  and  Sabine  (E.)  Anniversary  Address  to  the  Brirish 
Association  for  the  Advancement  of  Science  (Glasgow). — Rep.  Brit.  Assoc.  1840. 

4  (a).  Murchison  (R.I.)  et  Vemeuil  (E.  de).  On  the  Geological  Structure  of  the 
Northern  and  Central  Regions  of  Russia  in  Europe. — Proc.  Geol.  Soc  iii.  p.  398 ; 
Phil.  Mag.  ser.  3.  xix.  p.  489;  Edinb.  New  PhiL  J.  xxxi.  p.  129. 

.-  5  (If),  On  the  Straiitied  Deposits  which  occupy  the  Northern  and  Central  Regions 
of  Russia. — Rep.  Brit.  Assoc.  1840,  Sect.  p.  105. 

0  (/;).  On  the  Permian  System  as  developed  in  Russia  and  other  parts  of  Europe.— 
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Mb.  Chablbs  Babbagb.  F.B.S. — This  eminent  mathematician  and 
philosopher  was  horn  26th  Deoemher,  1792,  and  died  at  his  resi- 
dence, Dorset  St.,  Marylehone,  on  the  20th  inst,  in  his  eightieth  year. 
He  was  the  inventor  and  partial  constructor  of  the  famous  calculat- 
ing engine  or  machine,  which  the  world  has  associated  with  his  name, 
and  which  is  now  preserved  in  the  Mnseom  of  EJng's  College, 
London.  As  a  writer  in  the  Dictionary  of  Universal  Biography  remarks : 

"  The  possibility  of  constructing  a  piece  of  mechanism  capable  of 
performing  certain  ot)erations  on  numbers  is  by  no  means  new ;  it 
was  thou^t  of  by  Pascal  and  geometers,  and  more  recently  it  has 
been  reduced  to  practice  by  M.  Thomas,  of  Colmar,  in  France,  and 
by  the  Messrs.  Schutz,  of  Sweden ;  but  never  before  or  since  has  any 
scheme  so  gigantic  as  that  of  Mr.  Babbage  been  anywhere  imagined." 

His  achievements,  says  the  IVmas,  were  two-fold ;  he  constructed 
what  he  ealled  a  Difference  Engine,  and  he  planned  and  demon- 
strated the  practicability  of  an  Analytical  Engine  also. 

It  would  be  entirely  beyond  our  province  to  refer  here  in  any 
detail  to  Mr.  Babbage's  labours  and  sacrifices ;  his  history  is  that  of 
almost  all  original  inventors;  his  machine,  the  labour  of  his  life, 
over  which  he  expended  his  time,  his  brains,  and  his  fortune,  was 
never  completed,  and  will  remain  unfinished,  until  perchance  some 
adapter  of  other  men's  ideas  shall  be  able  to  effect  its  completion  by 
some  more  economic  method  than  was  known  to  him. 

(Geologists  are  indebted  to  Mr.  Babbage  for  a  most  valuable  and 
philosophical  paper  on  the  rate  of  G^logical  changes,  and  the  move- 
ments of  elevation  and  subsidence  of  land  as  illustrated  by  the  Temple 
of  Serapis,  at  Puzzuoli,  in  the  Bay  of  Baisa,  near  Naples  (see  Quart 
Joum.  G^eoL  Soc.,  1847,  vol.  iiL).  This  celebrated  monument  of 
antiquity  affords  in  itself  unequivocal  evidence  that  the  relative  level 
of  land  and  sea  has  changed  twice  at  Puzzuoli  since  the  Christian 
era ;  and  each  movement  of  elevation  and  subsidence  has  exceeded 
20  feet  Mr.  Babbage  examined  the  temple  and  inland  cliff  (covered 
with  Balani  and  full  of  the  perforations  of  Lithodomous  Mollusoa)  in 
company  with  Sir  Edmund  Head,  in  June,  1828 ;  and  a  full  account 
will  be  found  of  his  researches  both  in  his  original  paper  and  also  in 
Sir  Charles  Lyell's  "  Principles"  (vol.  ii.  pp.  164-179,  10th  edition, 
1868).  It  may  seem  strange  at  the  present  day  that  the  idea  of  the  per- 
manence of  the  ocean's  level  should  have  been  denied  by  many  other- 
wise able  writers,  but  the  phenomena  of  the  Bay  of  Baife  have  given 
rise  to  interminable  controversies,  all  arising  (says  Sir  Charles  Lyell) 
from  an  extreme  reluctance  to  admit  that  the  land,  rather  than  the 
sea,  is  subject  alternately  to  rise  and  fall  (Principles,  op,  dt,  p.  179). 

A  list  of  eighty  papers  and  works  by  Mr.  Babbage  is  recorded ; 
the  most  valuable  no  doubt  of  all  are  his  ''  Tables  of  Logarithms," 
from  1  to  108,000,  a  work  which,  although  now  forty  years  old,  is 
still  held  in  high  esteem  by  all  upon  whom  the  laborious  calculations 
of  astronomy  and  mathematical  science  devolve.  Mr.  Babbage  was 
one  of  the  oldest  members  of  the  Boyal  Society,  and  more  than  fifty 
years  ago  was  one  of  the  founders  of  the  Astronomical  Society  ;  he 
and  Sir  John  Herschel  were  the  last  survivors  of  that  body. 
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I. — ^Relics  of  thb  Carboniferous  and  other  Oij>  Lakd-Subfacis. 

By  Hknky  Woodwakd,  F.G.S.,  F.Z.S.' 

ALTHOUGH  nnwilling  to  admit  that  in  the  history  of  our  Earth 
special  and  peculiar  conditions  have  prevailed  at  any  period 
since  the  first  advent  of  organic  beings,  yet  we  cannot  doubt,  that 
during  particular  eras,  circumstances  favoured  the  development  of 
special  groups  of  organisms  which,  in  consequence,  flourished  in 
greater  perfection  and  numbers  than  the  rest 

Thus,  in  the  earlier  Palaeozoic  rocks  Trilobites  abounded ;  in  the 
Secondary  rocks,  Ammonites ;  in  the  Tertiary,  Nummulites ;  whilst 
the  Carboniferous  period  was  marked  by  its  great  development  of  Land 
Vegetation.  Other  land-floras  we  know,  however,  existed,  both  pre- 
and  post-Carboniferous,  but,  apparently,  they  did  not  attain  to  the 
same  richness  of  vegetation  or  longevity  as  that  of  the  Coal-period 
proper. 

In  speaking  of  any  period  of  the  past,  especially  of  one  mariced 
by  terrestrial  conditions,  we  should  carefully  guard  ourselves  against 
the  too  common  practice  of  generalizing  upon  insufficient  data. 

"Wo  have  so  very  few  records  left  to  us  of  the  old  Land-surfaces, 
whence  all  the  sediments  came  which  form  our  stratified  rocks,  that 
in  studying  the  latter  we  are  too  apt  to  ignore  the  source  from 
whence  they  were  derived,  and  to  think  of  our  eartli  in  the  past  as  of 
a  great  marine  aquarium,  full  of  strange  creatures  of  the  sea. 

Yet,  a  moment's  reflection  tells  us  that  as  the  forces  of  heat  and  at- 
traction liavo  been  for  ever  acting  on  our  earth  since  it  came  into  being, 
there  must  have  been  land  from  very  remote  geologic  times;  and, 
further,  if  conditions  in  the  sea  were  favourable  to  the  development 
of  abundance  of  animal  life,  those  on  the  land  were  in  all  prol^bility 
equally  so. 

Admitting,  however,  as  we  inevitably  must,  the  imperfection  of 
the  geological  record  (especially  as  regards  the  preservation  of 
land-surfaces),  lot  us  endeavour  to  ascertain  whether  there  is  evi- 
dence to  show  a  continuity  of  terrestrial  conditions,  and  how  far  we 
can  follow  the  same  as  it  recedes  back  from  land  to  land,  further  and 
further  into  the  past,  until  its  shadowy  shores  disappear  beneath  the 
pre- Silurian  seas,  and  we  reach  the  last  waif  washed  from  its  Cam- 
brian coasts. 

If  we  seek  for  the  remains  of  land-surfaces  belonging  to  the 
Quaternary  period,  we  shall  find  them  everywhere  most  abundant 
and  wide-spread,  including,  as  we  do  under  this  division,  all  the 
latest  changes  to  Avhich  our  globe  has  been  subjected,  and  of  which 
primitive  man  Avas  a  passive  witness. 

^  Bead  before  the  Geologists'  Association,  May  5th,  1871. 
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It  includes  changes  of  level  and  modifications  of  coast-lines  of 
enormous  extent.  In  Australia  the  land  has  probably  undergone 
great  depression,  for  we  find  old  land-surfaces  at  a  depth  of  more 
than  100  feet  beneath  the  present  surface  {vide  B.  Brough-Smyth's 
"Gold  Fields  of  Victoria")  covered  with  remains  of  a  vegetation 
exactly  like  that  now  existing,  and  inhabited  by  many  of  the  same 
species  of  animals,  as  well  as  by  gigantic  Marsupials  now  quite  extinct. 

In  Northern  Africa  we  have  evidences  of  a  great  upheaval  in 
Quaternary  times,  which  laid  dry  the  Sahara,  and  produced  a  wonder- 
ful climatal  change  in  Southern  Europe  (vide  Prof.  Desor^s  paper, 
Qeol.  Mao.,  Vol.  L,  p.  27,  translated  by  Prof.  Bamsay). 

In  Britain  we  have  abundant  evidences  of  depression  and  upheaval 
in  late  geological  times,  as  witnessed  by  our  Glacial  deposits  re- 
quiring a  change  of  level  of  1,500  or  2,000  feet  (vide  "  Lyell," 
Shells  on  Moel  Tryfaen,  "  Principles,"  voL  i.,  p.  195,  tenth  edition ; 
and  "  Elements,"  p.  158,  sixth  edition). 

The  coast  of  Norway,  with  its  raised  beaches  of  recent  shells,  also 
attests  a  change  of  level  of  more  than  200  feet  ('^Lyell's  Principles," 
tenth  edition,  vol.  ii.,  p.  191). 

The  west  coast  of  Greenland,  on  the  contrary,  has  been  subsiding 
during  the  past  century  for  a  distance  surveyed  of  more  than  600 
miles  from  north  to  south. 

The  submerged  forests  around  our  own  coasts  are  silent  witnesses 
to  the  same  ceaseless  round  of  change  ;  whilst  the  evidences  derived 
from  their  ancient  fauna  show  an  equally  marked  variation  in  climate 
and  distribution. 

Passing  from  Quaternary  to  Tertiary  times,  we  have  in  the  de- 
posits of  our  own  island,  in  France,  Germany,  Switzerland,  Italy, 
and  Greece,  abundant  evidence  both  of  land-plants  and  animals 
diverging,  however,  more  and  more  from  those  which  occupy  the 
same  regions  at  the  present  day. 

In  this  long  series  of  Tertiary  and  Quaternary  deposits,  evidences 
of  terrestrial  conditions  seem  present  in  almost  every  stratum,  and 
we  never  lose  sight  of  land,  but  when  the  base  of  the  Tertiaries  is 
reached  the  land-surfaces  are  divided  by  greater  marine  accumu- 
lations. Still,  freshwater  deposits,  with  land-plants  and  animals, 
mark  the  incoming  of  the  Chalk  series  in  America,  and  the  Maestricht 
Chalk  is  found  to  afford  remains  of  Dinosaurian  and  Amphibian 
Beptiles,  although  these  former  have  yet  to  be  described.* 

Leaves  of  exogenous  plants  have  long  been  known  from  the 
"  Quader  Sandstein "  and  the  "  Planer-kalk,"  of  G^ermany,  beds 
equivalent  in  age  to  the  White  Chalk  and  Gault  of  England. 

More  recently,  in  the  neighbourhood  of  Aix- la-Chapel le,  beds 
have  been  discovered  several  hundreds  of  feet  in  thickness  rich  in 
silicified  woods  and  impressions  of  leaves,  representing  more  than 
two  hundred  species,  of  which  Tree-ferns,  Conifers,  and  Dicoty- 
ledonous Angiosperms  form  the  chief  part.  In  the  Kentish  Chalk 
itself — a  truly  marine  deposit — evidences  exist  (in  the  remains  of 

^  The  specimenB  referred  to  are  in  the  collections  lately  acquired  by  the  British 
Museum  from  the  Van  Breda  Museum  at  Haarlem. 
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the  gigantic  Pterodactyles  and  the  turtle)  of  the  proximity  of  land. 
In  the  Cliolk  Marl  of  Folkestone  a  Dinosaurian  aUied  to  IguanodoiL,^ 
has  also  been  discovered ;  and  in  the  Cambridge  Greensand  the  xim 
remains  of  birds,  besides  abundance  of  Pterodactyles,  Chelonis.  and 
other  reptilia.  evidence  littoral  conditions. 

At  the  base  of  the  Neocomian  series — and  included  in  it  by  Mr. 
J.  W.  Judd  * — we  come  to  the  great  Wealden  formation,  remarkaUe 
for  its  gigantic  Dinosauria,  on  which  so  much  new  light  has  lately 
been  thrown  by  Pn)f.  Huxley,  Mr.  J.  W.  Hulke,  and  others.^  Hete 
we  also  meet  with  entire  beds  of  minute  Cyprides,  mrhilst  the  oel^ 
brated  baud  of  stone  in  this  formation  known  as  Petworth  marble^ 
coni|K>8ed  entirely  of  the  shells  of  Pcdudinay  together  with  Uuio, 
Ci/clas,  CyrcHa,  etc.,  mark  its  freshwater  origin.  The  Lepidoim 
JiianieUit  a  fine  Ganoid  fish,  from  the  Wealden,  with  largo  rhom> 
boidal  scales,  was  prolxibly  (like  the  great  (Jar-pike  of  the  Americin 
rivers)  a  freshwater  fisli.  Cheloni»  (represented  by  Trionyx  and 
Emys)  and  a  Pterodactyle  are  also  found  ;  whilst  Coniferse  Cycadean 
plants  and  Arborescent  Ferns,  with  others  of  lowlier  growth, 
complete  the  Wealden  landscape. 

In  the  upi>ermost  member  of  the  Oolitic  group,  we  again  find,  at 
Purbeck.  in  Dorsetshire,  evidence  of  a  land-suiface  of  the  highest 
interest  marketl  by  remains  of  above  ten  genera  and  twenty-five 
species  of  Mammalia!^  together  with  some  six  or  seven  genera  of 
freshwater  Mollusca — Cyprides,  Turtles,  and  Fish,  and  about  forty 
speoicH  of  Insects :  whilst  a  large  number  of  small  laud-Keptilia 
reiimiii  uiulosoril.ied. 

In  the  Lower  Purlx>ck  we  also  moot  with  a  most  interesting 
ge<)l«»o:ic  relic  in  the  Portlj\nil  Dirt-bed.  with  its  old  vegetable  6*»il  and 
its  silieiliod  trunk s  of  Cycadoa?  and  stools  of  Conifene  still  preserved 
iw  situ.  We  liave  heiv  also  evidences  of  repeated  changes  of  level 
causinj^  alternations  of  frosli  and  marine  conditions,  as  shown  by  the 
successive  bods  and  their  fossil  contents. 

Passing  on  to  the  Kiminoridgian  series,  we  have  bituminous  shales 
and  impure  coal-soanis,  forming  in  all  a  mass  of  strata  several 
hundred  feet  in  thickness,  marked  also  by  tlie  remains  of  one  of  the 
largest  Saurians  known,  tlie  gigantic  Cetiosaurus,  from  near  Oxford, 
and  bv  nunien)us  Tcloosaurians  and  other  Crocodilian  and  ijavial- 
like  reptiles.  The  Soloiilio fen-stone  again  reveals  an  C)olitic  long- 
tailed  bird,  the  ArcJufopteryXj  numberloss  Vterodactyles,  both  of  the 
long  and  sliort-tailed  type;  together  with  lacortilian  roptilos  and 
countless  insects,  telling  of  an  Oolitic  land  rich  in  Conifei-jB  and 
other  trees  and  plants,  and  swarming  with  animal  existences. 

Passing  over  a  series  of  marine  bods,  wo  oomo  agiiin,  in  tlic  Stones- 
field  slate,  upon  abundance  of  Insect-lifo ;  u]m)!i  remains  of  tlu"  great 
Megcdosaurns  and  Pterodactyles ;  tlireo  gonora  of  Mammalia,  and  a 

^  At'tuithophfilU  horrithiSy  HuxU-y.     (Jkol.  M.\(i.,  1S<J7.     Vol.  IV.,  p.  65.  PI.  V. 

•  St'c  Uuart.  Jouni.  (Jtol.  S-k'.,  vol.  xxvi.,  1S70,  p.  ;IlH». 

*  Jfftvtw*fl'tn,  Jft/ftfOsauriiM,  Ilupsiluphoihtn^  Strij'tospftif/f/htMj  ^f^qah^Xll|l,'H*,  rtC. 
^  See  l*rof.  Owen'o  Moiin<^a])h  on  *'  the  Fossil  Manimalii  of  the  Mesozoic  Furma. 

"    PaL  Soc.  Tol.  xxiv.  1871. 
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land-vegetation  rioh  in  Ferns,  Cyoad«,  and  Conifers.  Lower  still,  in 
the  Oolitic  series,  we  come  to  the  Plant-beds  of  Yorkshire,  and  the 
Ck>al-beds  of  Brora,  in  Sutherlandshire  (also  of  Oolitic  age),  rich  in 
SquisetaoesB,  Ferns,  Cycadees,  and  ConifersB;  and,  again,  in  the 
liower  Lias  of  Lyme  Begis  and  elsewhere  we  have  Araucarian  tmnks 
and  foliage,  and  another  Igoanodon-like  Dinosaur  (Seelidosaurus 
Hdrrisoniy  Owen),  and  the  remarkable  long-tailed  Pterodactyle,  the 
JXmorphodoH  nuicronyx;  with  Insects'  wings  and  other  remains  to 
farther  attest  the  continuity  of  land-conditions. 

Descending  still,  we  come  to  the  Bhaatic  Bone-bed,  with  its 
Jiicrolestes  {HypsiprymnopsiafB,  Dawkins)  BhaHeuSf  M.Moorei,  and jlf^ 
amiiquua,  species  of  Marsupials,  founded  upon  the  evidence  of  minute 
detached  teeth,  discovered  in  a  Bone-bed  in  Somersetshire  and  at 
Diegerloch,  Stuttgart ;  another  form,  named  DromcUherium  Sylvestre 
by  Emmons,  occurs  in  the  Chatham  Coed-fields.  We  have  also  in 
lYiassic  rocks  Plant- remains,  and  in  Bichmond,  Virginia,  Coal  of  pure 
and  fine  quality,  in  some  places  thirty  to  forty  feet  in  thickness, 
yielding  Coniferaa,  Cycadeas,  Calamites,  Equisetites,  and  Ferns.  Thin 
flhaly  beds  divide  the  Coal,  composed  almost  entirely  of  the  shells  of 
Esiheria. 

In  the  Trias  of  Stuttgart,  Beptilia  are  also  met  with  in  considerable 
numbers. 

Perhaps  one  of  the  most  interesting  features  of  this  formation  is 
the  occurrence  of  the  most  extensive  beds  (not  only  in  this  country 
but  in  Germany  and  America)  of  unfossiliferous  sandstone,  the  sur- 
faces of  which  are  ripple-marked,  sun-cracked,  and  impressed  with 
innumerable  foot-prints — many  of  these  tridactyle  impressions  appear 
to  be  arranged  in  bipedal  series,  like  bird-tracks,  and  others  to  be 
those  of  five-toed,  four-footed,  flat-footed  Labyrinthodont  reptilia. 
The  vast  accumulations  of  salt  in  certain  of  these  beds  probably 
indicate  salt  waters  in  the  act  of  being  evaporated  down  to  dryness 
by  isolation  from  the  parent  ocean  in  inland  seas  and  lakes.* 

Here  the  Secondary  rocks  end,  and  we  pass  on  to  the  Permian  or 
Magnesian  Limestone.  Again  we  find  hmd  amidst  the  ocean ;  for 
in  the  Permian  of  Saxony  and  Bussia  as  many  as  sixty  species  of 
fossil  plants  have  been  obtained,  including  many  Tree>fems,  a  great 
Calamite,  a  Conifer,  and  a  Lepidodendron. 

Still  receding  further  on  the  Palasozoic  seas,  we  reach  the  low- 
lying  shores  of  the  Carboniferous  epoch,  and  once  again  we  find  in 
the  **  Coal-measures"  abundant  evidence  of  land-conditions. 

Looked  at  as  a  whole,  the  Carboniferous  series  embraces  not  only 
the  Coal-measures  proper,  but  also  the  Millstone  Orit  and  the  Moun- 
tain-limestone. Sufficient  care  seems  never  to  have  been  taken  to 
dis-associate  (paloBontologically)  this  last  great  formation  from  the 
preceding  two. 

The  "Mountain"  or  "Carboniferous  Limestone,"  is  a  truly  marine 
formation,  devoid  of  coal-seams  (unless  we  except  the  Scottish  series), 
and  rich  in  the  remains  of  Corals,  Crinoids,  Brachiopoda,  Conchifera, 
Gasteropoda,  Cephalopoda,  and  Pteropoda. 

1  See  Prof.  RamBay,  F.R.S.,  *'  On  tbe  Red  Rooks  of  England,"  etc.,  Quart.  Jonm. 
Oeol.  Soo.,  1871,  toL  xzfii.,  p.  189,  and  p.  241. 
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In  England  it  attains  a  thickness  of  loOO  feet,  whilst  in  Ireland  ite 
mass  is  even  greater  still. 

Above  the  Carboniferous  Limestone  comes  a  coarse  quartzose  sand- 
stone, containing  but  few  fossils,  and  known  as  the  "  Millstone  Grit" 
(from  the  economic  use  to  which  its  material  is  applied).  Thii 
deposit  is  above  600  feet  in  thickness,  but  is  not  purely  of  marine 
origin. 

Again,  above  the  Millstone  Grit  come  the  ''Coal-measures"  proper. 

Some  idea  of  their  vast  geological  importance  may  be  formed 
when  we  find  that  in  the  South  Wales  Coal-field  the  strata  attain  an 
aggregate  thickness  of  12,<XK)  feet ! 

The  Coal  itself  forms  only  a  small  proportion  of  this  mass,  the 
main  part  being  made  up  of  intercalated  beds  of  mixed  freshwater, 
and  marine  origin,  and  comprising  layers  of  shale,  sandstone,  grit, 
clay,  and  ironstone. 

Wherever  the  Coal-measures  have  been  examined,  beneath  eadi 
seam  of  Coal  is  found  a  layer  called  the  "under-clay"  or  "fire- 
clay," which  forms  the  floor  upon  which  the  Coal  itself  rests. 

Every  one  of  the  100  seams  of  Coal  in  the  South  "Wales  Coal- 
field has  its  under-clay.  These  Clays,  full  of  roots  of  plants  (called 
iStigmaria),  are,  in  fact,  the  soils  in  which  the  trees  and  plants  grew, 
which  formed  by  their  growth  and  decay  the  several  layers  of  CoaL 

In  many  instances  the  trunks  of  these  old  fossil  trees  have  been 
found  standing  erect,  still  attached  by  their  roots  to  the  soil ;  their 
decayed  and  hollow  trunks  (filled  up  from  above  with  sediment 
within)  and  often  penetrating  through  several  of  the  superimjxjsed 
layers  by  wliioli  the  Coal-seam  is  covered. 

Indeed,  these  aged  trees  have  proved  of  the  highest  geolojrfcal 
importance,  for  within  their  hollow  walls  have  been  found  a  Myria- 
pod,  two  land-snails  (Pupa  rctnsta,  and  Zonites  pn8cus)y  and  si-veral 
species  of  small  Keptiiia,  which,  either  intentionally  or  by  accident 
had  found  their  way  in,  but,  l>eing  unable  to  escape,  they  were  en- 
veloped in  stone,  to  remain  hidden  until  the  energy  of  Dr.  Dawson, 
of  Montreal,  should  bring  them  to  light. 

Coal  is,  as  already  stated,  the  product  of  the  destruction  of  the 
continued  growth  of  plants  in  situ.  The  more  perfect  the  chemical 
conversion  of  the  tissues  of  plants  into  Coal,  the  less  are  we  able  to 
detect  the  presence  of  the  organisms  which  have  contributed  to  its 
formation.  Nevertheless,  the  '*  mother-coal,*'  which  occurs  between 
the  layers  of  completely -formed  Coal,  is  composed  of  the  bn^kt-n-up 
tissues  of  the  plants  converted  into  Anthracite,  but  still  retaining 
their  external  forms. 

Prof.  Morris  originally  pointed  out  that  the  "better-bed-ciial'' 
OWi'd  its  peculiar  chemical  comj>osition,  which  gjive  it  its  <^at 
value  for  smelting  purposes,  to  the  fact  that  it  was  composed  entiri'ly 
of  a  muss  of  spore-cases,  which  ^Ir.  Carruthers  has  shown  to  In^long 
to  a  liCpidodendroid  fi;enns  cnUed Flemintjites  (See  Gkol,  Mag.,  IS^o. 
Vol.  II.,  n.  XII.,  p.  M]'{).  and  (as  ho  informs  me)  to  Sitjillann,  and 
other  allied  forms.  Prof.  Huxley  subsequently  made  the  interesting 
rvation,  from  specimens  prepared  with  singular  care  and  skill  by 
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Mr.  Newton,  that  these  spore-cases  were  buried  in  tlie  shed  spores 
themselves,  and  both  together  make  up  the  substance  of  this  most  re- 
markable deposit  of  Coal.  But  in  readily  accepting  this  interesting 
discovery,  let  us  guard  ourselves  against  the  tendency  of  all  modem 
scientific  generalizers  who  take  up  ideas  as  soon  as  issued  from  the 
mental  mint,  **  and  run  into  extremes  ;*'  for,  admitting  that  a  giant 
Lycopod  Forest  in  the  Coal-period  would,  in  the  course  of  yeara, 
probably  shed  several  times  its  actual  tree-and-branch-bulk  of  seed- 
spores,  yet  it  most  probably  shed  its  leaves  as  well  as  its  spores  and 
its  wood-growth,  and  that  of  the  forests  of  giant  Calamiies  and 
ferns  around  would  amount  to  an  enormous  mass  in  the  course  of 
ages  of  accumulated  growth  and  decay,  such  as  the  Coal-forests 
reveal  to  us.  The  tiny  acicular  leaves  of  a  pine-forest  of  to-day 
often  form  a  mass  several  feet  in  thickness  beneath  and  around  the 
parent  trees,  which  needs  but  the  proper  accessory  circumstances  to 
convert  it  into  Quaternary  Coal. 

Of  the  three  hundred  plants  which  occur  in  the  Coal-period  we 
know  but  little,  whilst  a  great  part  of  the  vegetation  has  probably 
left  no  sign.  For  experiments  made  long  ago  by  Dr.  Lindley  go  far 
to  prove  that  most  vegetable  tissues  break  up  with  great  readiness 
and  become  completely  disorganized  when  saturated  under  water. 
Thus  he  found  that  after  two  years  submersion  beneath  freshwater, 
121  out  of  177  species  of  plants  had  entirely  disappeared;  and  of 
the  fifty-six  remaining,  the  most  perfect  were  OoMi/er^c,  Palms, 
Ferns,  and  Lyeopodiacea.  There  are  probably  no  palms  in  the 
Coal-measures,  but  remains  of  the  other  three  classes  are  most 
abundantly  preserved,  which  lends  strong  confirmation  to  Dr. 
Lindley's  experiment. 

Formerly,  it  was  supposed  necessary,  in  order  to  account  for  the 
rich  deposits  of  carbonized  vegetable  remains  in  the  Coal,  to  assume 
a  tropical  temperature  witli  a  damp  humid  atmosphere,  composed  in 
great  part  of  carbonic  acid  gas. 

Indeed,  surprising  as  it  may  seem,  so  lately  as  May,  1869,  this 
doctrine  was  advocated  by  an  eminent  chemist,  Dr.  T.  Sterry  Hunt, 
F.R.S.,  in  a  lecture  delivered  before  the  Royal  Institution  (see 
Report,  Geol.  Mao.,  Vol.  IV.  pp.  357-369).  He  there  stated — 
"With  regard  to  the  composition  of  this  earlier  atmosphere — un- 
fitt.ed  as  it  was  for  the  higher  forms  of  life,  still  from  the  compara- 
tively large  amount  of  carbonic  acid  present,  it  would  seem  to  have 
been  peculiarly  fitted  for  the  development  of  luxuriant  vegetation ; 
and  it  was  long  since  pointed  out  by  Brongniart  that  we  might  sup- 
pose a  marvellous  luxuriance  of  vegetation  in  earlier  periods  of  the 
earth  which  gave  rise  to  enormous  beds  of  coal  and  other  fossil  fuel ; 
for  we  should  judge  that  this  abundance  of  carbonic  acid  favoured  a 
wonderful  development  of  vegetation,  and  at  the  same  time  the 
elimination  of  the  carbon  in  the  shape  of  coal  would  help  powerfully 
to  purify  the  air  at  that  time."  *  He  further  suggests  that  tliis  dense 
canopy  of  carbonic  acid  gas  "would  permit  the  solar  heat  to  pass 

^  Later  experiments  hare,  howcTer,  proved  that  plants,  like  animals,  are  at  once 
poitoned  hj  an  excess  of  carbonic  acid. 

VOL.  YUI.—  NO.  LXXXIX.  %V 
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throiigh  our  atmosphere,  bat  would  prevent  its  eaoape  by  radiatioa 
after  it  had  once  heated  the  surface  of  the  earth,  and  would  thus 
immensely  augment  the  temperature  of  the  lo^wer  atrata  of  tiie 
atmosphere,  producing  an  effect  precisely  as  if  we  had  covered  Hm 
whole  earth  with  an  immense  dome  of  glass — had  transformed  it 
into  a  great  orchard-house — and  had  thus  established  from  the  equator 
to  the  poles,  a  moist,  wai-m,  equable  climate,  which  would  permit 
even  within  the  limits  of  the  polar  circle  a  luxuriant  vegetation." ' 

However  ready  we  might  be  to  accept  Prof.  Sterry  Hunt's  dictam 
— if  applied  to  pre-Carboniferoua  vegeUUion,  about  which  we  know  lo 
little — we  cannot,  with  our  present  knowledge  of  the  Coal-peTiod, 
and  the  requirements  both  of  its  animal  and  vegetable  life,  aoo^ 
his  views,  or  admit  them  to  be  tenable,  having  regard  to  the  known 
fauna  and  flora  of  that  epoch. 

Furthermore,  the  fact  that  precisely  similar  deposits  are  found  to 
oocur  in  arctic  as  well  as  temperate  and  subtropical  regions,  does  not 
seem  to  us  to  prove  **  a  moist,  warm,  equable  climate  establiBbed 
from  the  equator  to  the  poles,'*  but  rather  proves  that  at  particular 
periods  parts  of  the  earth  were  then,  as  now,  favoured  with  specisl 
advantages,  as  regards  climate,  over  other  parts  in  the  same  degree 
of  latitude ;  because,  then,  as  now,  the  isothermal  lines  were  (owing 
to  local  circumstances  of  coast-lines,  winds,  and  currents)  deflected 
from  a  straight  course. 

Thus,  as  I  have  elsewhere  pointed  out  (see  Gsol.  Mag.,  1868, 
Vol.  V.  pp.  297-303),  at  the  present  day,  in  the  month  of  July,  huge 
icebergs  may  be  seen  off  the  east  coast  of  N.  America,  in  the  same 
latitude  as  London,  with  an  atmosplieric  temperature  of  only  48^ ! 
Whilst  the  harbour  of  St.  John's,  Newfoundland,  2°  further  south 
than  Liverpool,  has  been  blocked  up  with  ice  as  late  as  the  month 
of  Juno ! 

Surely  if  the  small  portion  of  the  Gulf-stream  which  we  enjoy  can 
effect  such  a  deflection  in  the  isothermal  line  as  these  two  facts  in- 
dicate, what  might  it  not  be  able  to  achieve  under  a  different  arrange- 
ment of  land,  by  which  its  whole  volume  might  be  made  to  pass  in 
a  northerly  direction.  For  we  know  that  Greenland  bears  t^jstiraony 
to  two  fossil  floras — one  in  the  Tertiary  and  one  in  the  Carbon- 
iferous period — and  it  seems  highly  improbable  that  an  **  envelope  of 
carbonic  acid  gas"  was — if  it  ever  exinted — present  at  so  late  a  period 
as  the  Miocene  Tertiary.  If,  then,  this  lat^r  flora  flourished  in  this 
exceptionally  high  arctic  latitude,  favoured  by  the  varying  eccen- 
tricity of  the  earth's  orbit,  aided  by  the  warm  currents  from  the 
equator,  why  should  not  the  recurrence  of  such  conditions,  at  an 
earlier  period,  have  sufiiced  to  favour  the  production  of  the  older 

coal -1  KM  Is  ? 

Not  for  a  moment  questioning  the  proposition  that  in  the  earlier 
ages  ()f  our  glolx;,  its  condition  was  very  different  both  terrestriaUy 
and   atmosphirlcally   too    (if  chemists  please)    than  at  the    proseut 

*  Clu  niical  invest i;:ation  shows  tlmt  fit  the  present  day  there  is  prohahly  as  much  or 
more  carbonic  acid  in  the  atmosphere  in  a  Tree  nUiUi  as  is  in  the  whole  mass  already  fixed 
I  carbon  by  plants  and  animals  ou  the  surface,  and  by  all  the  coal-seams  put  together. 
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day;  nor,  that  cataclysmio  action  has  effected  many  important 
changes  in  the  configuration  of  land-snrfaoes  in  past  geological 
time;  yet  by  far  the  greatest  part  of  the  work  performed  in 
Natmre's  laboratory  must  be  attributed  to  those  humble  yet  untiring 
agents — upheaval  and  denudation,  sunshine  and  shower,  snow  and 
ioe,  heat  and  cold,  ebb  and  flow,  which  have  never  rested  night  nor 
day  through  all  the  ages  of  time  since  the  waters  were  gathered 
together  into  one  place  and  the  dry  land  appeared. 

But  to  return  to  our  subject,  had  the  Coal  been  accumulated  under 
exceptional  conditions  of  light,  heat,  and  atmosphere,  it  would  be 
absolutely  necessary  to  exclude  animal  life  from  the  scene  of  its 
formation. 

Such,  however,  was  not  the  case,  for  in  the  progress  of  geological 
discovery  we  have  become  acquainted  with  no  fewer  than  30  species 
of  land-dwelling,  or  amphibian  reptiles,  150  fishes,  more  than  12 
species  of  insects,  two  myriapods,  two  scorpions,  a  EwrypteruSj  six 
species  of  King-crabs,  a  host  of  Entomostraca,  one  or  more  Macrouran 
Decapod,  two  land-snails,  besides  Unionida  and  a  host  of  other 
Ifollusca. 

There  are  evidences  of  sunshine  in  the  flowering  oigans,  ^  called 
Antholithes,  and  in  the  ripened  fruits  and  seeds ;  of  shower  in  the  im- 
pressions of  raindrops  on  the  mud ;  of  tides  in  the  ripple-marked 
sandstones,  covered  also  with  the  impress  of  the  feet  of  the  reptilia, 
which  must  have  swarmed  along  the  Carboniferous  shores  and  rivers. 

Nor  were  these  wooded  shores  destitute  of  melody,  for  albeit,  no 
bird  (so  far  as  we  yet  know)  built  its  nest  there,  the  familiar  chirp 
of  the  cricket  was  already  to  be  heard,  whilst  the  hum  of  the  many 
winged  insects  enlivened  the  solitudes  of  these  strange  old  forests. 

We  have  referred  to  the  numerous  beds  of  Coal  occurring  in  the 
South  Wales  Coal-field,  but  in  the  cliffs  of  the  South  Joggins  in 
Nova  Sootia  the  total  thickness  of  Coal  strata  is  not  less  than  14,570 
feet.  In  a  space  of  1400  feet  Dr.  Dawson  noted  no  fewer  than 
sixty-eight  root-bearing  soils ;  and  erect  trunks  have  been  ob- 
served at  seventeen  different  levels.  (See  Dr.  Dawson's  **  Acadian 
Geology.") 

The  Coal-strata  here,  it  should  be  observed,  are  expesed  in  a  long 
sea-cliff,  and  are  tilted  up  at  an  angle  of  24P ;  but  the  trees  stand  at 
right  angles  to  the  **  dirt-bed  "  or  soil  in  which  they  grew. 

Yanous  are  the  hypotheses  which  have  been  offered  in  explanation 
of  the  accumulation  of  the  successive  beds  of  the  Coal  in  horizontal 
superposition.  The  most  plausible  hitherto  propounded  are  : — (Ist). 
Coal  was  accumulated  in  the  wide  alluvial  plains  and  deltas  of  great 
rivers,  such  as  the  Amazons,  the  Mississippi,  the  Ganges,  or  the  Yang- 
tse-Kiang  rivtr.  In  the  Mississippi,  four  or  more  buried  forests  have 
been  observed  superimposed  one  upon  another  with  their  underclays 
or  root-beds  and  the  erect  Cypress-trees  buried  in  drift  and  mud. 

(2nd).  The  Mangrove  swamps  along  tropical  insular  coasts.  In 
the  fi^rmer  case  the  layers  of  vegetation  are  covered  by  freshwater 

^  Indeed  uo  preen  leaf  can  be  formed  without  sunlight,  for  the  Chlorophyll  is  not 
derelopedin  plimts  liviiig  in  the  dark  or  shade. 
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mud,  with  the  oi^ganinm  Vmng  in,  and  touamm.  to^  m  gnrt  iv 
In  the  latter  ease  the  vegetable  ^^rowth  is  ocrraved  vp  by  mmdm^  A 
aea-ahella,  etc. 

One  difficulty,  howerer,  not  met  by  fliase  i]liutntfoB%  «Dd  » 
qniring  to  be  explained  in  order  to  clear  up  the  oruin  of  ood*  iiili 
eooeeeding purUff  and/reedom/ram  admixbue  of  finmn  wemHtm;  mdt, 
coal-seam  being,  ao  to  say,  oompfelact  and  then  SMilMt  tik  ao  Aalili 
hydro-carbons  should  all  be  retained  in  the  beat  po«ima  oonditMa 
ibr  ineL  This  could  not  have  taken  place  in  a  mere  Qypnm^mmf 
or  Mangrove-swamp,  snoh  as  one  aeea  in  tropionl  Ainirioa  st  da 
present  day. 

If,  however,  yon  picture  a  vast  alluvial  plain,  oovend  wifli  a 
Cryptogamic  firaest  of  giant  Lepidodendra  and  Sigillam  jnowiBgoi 
a  staff  tenacious  clay-soil,  capable  of  retaining  the  rain-liiU.  tfaenyia 
have  the  conditions  suited  for  the  n^nd  aeenmnlntion  of  pes^  mi 
that  is  the  purest  form  we  know  of  any  gteat  aoonmiuBtion  of 
vegetable  matter  w^mixed  with  foreign  material,  whiok  is  As 
peculiar  feature  of  the  Coal-measures. 

If  any  stronger  argument  than  we  have  used  againat  ^i^OT-S^g  te 
the  Gosd-period  specnal  and  abnormal  conditiona  were  needed,  it  ii 
to  be  found  in  the  &ot  that  we  have  Goal  of  Tertiaiy  and  Seoondoj 
ages  as  well  as  Primary  or  PalsBoaoia 

The  Tertiary  Brown  Ck»l  of  Germany  and  Buana»  the  Bang* 
Tracey  Lignites,  the  Miocene  Goal  of  tte  Mackemde  Bivw,  Nofttt 
America;  the  Eimmeridge  Coal;  the  Brora  Coal  (Oolitio  in  age); 
and,  indeed,  judging  by  the  plant-remains,  there  is  good  reason  for 
believing  the  Coal  of  China  to  be  of  Secondary  age ;  the  accumulated 
growth  of  plants,  such  as  Cycads,  Tarinece,  Araucarians,  Equisetacsa 
and  Ferns,  corresponding  in  character  with  those  found  in  tiis 
Oolitic  plant-beds  near  Scarborough,  Yorkshire. 

Again,  there  is  reason  to  believe  that  some  coal  may  be  of  Devomsa 
age,  for  Dr.  Dawson  has  already  made  known  a  land-flora  and  founa 
of  Devonian  times,  agreeing  somewhat  with  the  plants  which  fona 
the  true  coal. 

Lastly,  Lycopodiaceous  seeds  occur  in  the  Upper  Silurian,  and 
lower  still,  we  get  Graphites,  which  may  owe  their  origin  (as  the  oil- 
bearing  strata  of  pre-Carboniferous  age  no  doubt  did)  to  the  de* 
structive  distillation  of  old  Silurian  Coal-beds,  the  products  of  old 
land-surfaces,  distilled  in  Nature's  own  retort^ 


n. — Kemabks  on  the  Prospects  or  coal  to  the  South  of  m 

Mendips. 

By  H.  W.  Bristov,  F.R.8.,  P.G.S.,  and  H.  B.  Woodwabd,*  F.G.8.,  of  tke 

Geological  Suirej  of  England. 

THE  question  as  to  the  probable  existence  of  a  Coal-field  on  the 
south  side  of  the  Mendips  having  lately  been   prominently 
brought  before  the  public  in  the  Beport  of  tiie  Boyal  Coal  Com- 

^  Head  also  before  the  British  Auociation,  Edinburgh,  Section  G,  Angwt,  1S71.  • 
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mission  (voL  i.),  it  may  not  be  uninteresting  to  offer  a  few  remarks 
on  the  present  aspect  of  the  question. 

But  few  new  facts  have  been  brought  to  light  during  the  re-survey 
of  the  geology  of  the  district. 

Traoes  of  Old  Bed  Sandstone  and  Lower  Limestone  Shales 
were  detected  in  a  wooded  hollow  extending  in  a  north-westerly 
direction  from  the  entrance  to  the  picturesque  Mountain  Limestone 
laTine  to  which  the  name  of  Ebber  Bocks  is  given.  These  beds  are 
brought  in  by  a  fault  which  throws  the  Old  Bed  Sandstone  against 
the  Mountain  Limestone  on  the  western  side.     (See  section.) 

Higher  up  there  is  marshy  ground,  where  a  spring  is  given  out ;  and 
on  still  higher  ground  above  this,  at  the  head  of  the  ravine,  we  come 
suddenly  upon  Millstone  Grit,*  large  boulders  of  which  lie  strewn 
about  the  surface.  Grossing  over  the  lane  between  Easton  and 
Friddy,  there  is  a  dilapidated  old  building,  where  the  Mountain 
Limestone  is  seen  dipping  at  an  angle  of  35^  S.W.  A  few  yards  to 
the  south,  hard  close-grained  quartzites,  with  small  reddish-brown 
ferruginous  specks,  occur,  overlying  conformably  the  Mountain  Lime- 
stone. Their  extension  in  a  westerly  direction  is  concealed  by  the 
Dolomitic  Conglomerate.  These  are,  undoubtedly,  the  bottom  beds 
of  the  Millstone  Orit,  and  in  places  thin  beds  of  hard  grit  and  shale 
may  be  seen.  A  little  east  of  the  lane,  near  the  bends,  there  is  a 
shallow'  hole,  apparently  a  trial-shaft,  from  wliich  black  Carbonaceous 
shales  have  been  obtained,  and  whidi,  no  doubt,  are  beds  belonging 
to  the  Millstone  Grit  The  working  was  evidently  abandoned  after 
a  very  short  trial,  when,  probably,  the  Mountain  Limestone  was 
reached.  To  the  east,  at  the  head  of  the  ravine,  the  Millstone  Grit 
is  cut  off  by  a  north  and  south  fault,  which  brings  in  the  before- 
mentioned  Old  Bed  Sandstone  and  shales ;  and  a  short  distance  down 
the  ravine,  we  were  astonished,  when  paying  a  visit  to  the  spot 
in  October,  to  find  a  shaft  was  being  sunk,  with  steam  winding 
machinery,  in  search  of  coal  in  the  Lower  Limestone  Shales,  which 
had  evidently  been  passed  through,  inasmuch  as  the  rock  then  brought 
to  the  surface  was  Old  Bed  Sand8tq^e.  The  fragments  of  Carbo- 
naceous shale  in  the  old  trial-shaft  had  probably  misled  the  prosecu- 
tors of  the  second  undertaking  to  suppose  that  the  Coal-measures  were 
present,  and  that  lower  down,  in  a  southerly  direction,  they  would 
be  likely  to  succeed  in  finding  coed.     (See  Woodcut,  p.  502.) 

A  more  unpromising  place  for  finding  coal  could  sccorcely  have 
been  selected  anywhere  in  the  neighbourhood,  for  the  spot  where  the 
shaft  was  being  sunk  is  closely  surrounded  on  all  sides  by  rocks  of 
greater  age  than  the  Coal-measures ;  in  fact,  the  little  valley  in 
which  the  works  were  being  carried  on  may,  in  general  terms,  he 
described  as  two  narrow  strips  of  Lower  Limestone  Shale  and  Old 
Bed  Sandstone  a  few  chains  wide,  and  surrounded  by  higher  ground 
composed  of  Mountain  Limestone.  The  sinking  of  this  shaft  under 
such  manifestly  hopeless  conditions  shows  a  want  of  knowledge  of 
the  elements  of  geology  and  coal-mining  that  could  scarcely  be  sup- 

^  Noticed  by  H.  B.  W.,  Gbol.  Mag.,  YoL  YIII.,  1871,  p.  152. 
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poaed  to  ezirt  at  tlie  piownt  dBfon  the  part  afpanaaB  liUtrk 
embsA  in  a  nuoh  for  ootl  witliiB  flfs  milM  of  •  Oifted«l  Oft/} 

In  addition  to  tluM  new  bwiM  of  MillatoBe  GMt,  Lomr  Im^ 
■toie  Shale,  and  Old  Bed  Suubtnw,  ■notJurnuIl  maa«  of  linUai 
Qrit,  not  prarioaaly  notieed,  hat  been  detected  east  of  W«Ili»  ■■ 
Dinder,*  while  between  Oheddar  and  Dinoat  a  faaos  cf  <Hd  U 
Sandatone  haa  been  mq^  bj  Mr.  J.  H.  Btake,  F.a.& 

ThMenswadditfonBtodiege(dog7oflitediBtilat  ham  littl*  baH<- 
ingon  the  qoealaon  of  tiie  oooormoe  of  eoil  on  tha  aonik  ride  of  tti 
Mendipa ;  uie  utpeanmee  of  the  Old  Bed  Saadatona  near  Snnilt 
aeenu  to  be  diie  radurr  to  looal  diitoibanoe  UuBi  to  aajtidng  yfr""*! 
the  general  antiolinal  itmobire  of  thia  range  of  Iiflla,  iqnn  iMi 
many  yeaia  ago  Profbaaor  Bamai^  baaed  Ua  opinioD  as  ts  the  p»- 
aanoe  of  ooal  in  the  diatiiot  to  the  aonth  of  it' 
m  iKtiat,  Yat  irf '. 


The  abortiTe  search  fin-  oool  meolioned  by  Hr.  Prestwioh.*  a 
having  been  made  at  Wltham  Hole,  about  foar  milea  eonth  of  Frome, 
in  16(>7  and  1666,  is  of  an  altogether  different  kind  &om  the  attompt 
at  winning  ooal  near  Wella,  for  the  boringa  were  oommenoed  in 
Secondary  strata,  far  above  the  place  ooonpied  by  the  Goal-meamna 
in  the  geological  scale.  Thia  last  boring  wae  earned  to  a  total  depth 
of  600  feet  withoat  ooming  upon  any  sign  of  Goal-measorea.  There 
seems  to  be  eome  confusion  in  the  details  of  this  aa  given  l^  Vi. 
Prestwich.  The  strata  oomprieed  under  the  head  of  Gombraah  (P)  in 
the  printed  section  saem  to  be  referable  rather  to  the  nndenying 
Forest  Marble,  while  the  lower  S6  feet  assigned  to  the  Oxford  Clay 
might  be  plaoed  with  the  Combnah.  Aa  regards  the  nppermoit 
beds  of  the  aection,  the  footooto  to  the  effect  that  "it  ia  a  qnmrfinn 
with  some  whether  it  is  not  Lias,"  is  apparently  an  overaight;  ibr 
the  published  maps  of  the  G)eol(^;icaI  Survey  prove  beyond  the 
possibility  of  a  doubt  that  Oxford  Clay,  and  not  Lias,  is  the  rock  at 
the  Burfaoe. 

1  Wlieo  sDrreTiiiK  Black  Down  (Hendip),  If  r.  J.  H.  fiUke  Mine  utcm  n  oU 
Bbstt,  with  m&cbinetT  mid  building,  Doir  unndmifld,  vhioh  Lid  bean  mnk  in  Uw 
Lower  LimeiloDe  Shale*  to  ■  conndenble  depth  in  wutih  of  coaL — H.  B.  W. 

'  By  H.  B.  W. 

'  Unn.  Qeal.  Sntrer,  toL  i.  *  Bepmiof 
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Another  boring  in  search  of  coal  has  been  made  about  three  miles 
north  of  Langport,  near  High  Ham ;  but  this  also  was  given  up  after 
it  bad  been  carried  down  to  the  depth  of  90  feet.  Begun  in  the 
BhsBtic  beds,  it  was  only  carried  a  little  way  into  the  Eeuper  Marls, 
in  which  beds  of  Alabaster,  20  feet  thick,  are  said  to  have  been  met 
-with ;  and  it  was  probably  the  presence  of  the  black  paper-shales  of 
the  BhsBtio  series  which  led  to  this  trial  for  coal. 

An  attempt  to  find  coal  was  made  in  the  Lower  Lias  at  Badgworth, 
near  Wedmore,  but  of  this  we  have  no  details. 

The  most  vigorous  attempt,  however,  was  that  made  at  Compton 
Dondon,  in  1815.^  The  lower  beds  of  the  Bhaatic  series  were  passed 
through,  and  the  shaft  was  then  sunk  for  nearly  600  feet  in  the 
Keuper  beds. 

These  borings  are  of  no  value  as  regards  any  information  they 
might  be  expected  to  afford  as  to  the  possible  occurrence  of  coal 
imder  the  Secondary  rocks  at  the  places  where  they  were  made. 
Probably  they  originated  from  some  misapprehension  of  the  depth 
of  these  rocks,  or  of  their  identity ;  but  in  any  case  they  should  have 
been  continued  to  much  greater  depths  to  have  thrown  any  light  on 
the  question,  as  the  Goal-measures  could  certainly  not  be  expected  to 
ocour  at  a  less  depth  than  one  thousand  feet  below  the  surface.' 

It  would  seem  to  be  highly  probable  that  a  coal-basin  may  set  in 
south  of  the  Mendip  Hills,  beneath  the  flat  alluvial  lands  of  Sedge- 
moor,  and  the  course  of  the  Biver  Brue ;  but  how  far  it  may  extend 
in  this  direction,  or  to  the  east,  it  is  very  difficult  to  imagine,  as  there 
is  no  evidence  to  show.  The  prevailing  dip  of  the  Mountain  Lime- 
stone along  the  southern  flank  of  the  Mendips  is  in  a  southerly 
direction ;  we  have  noted  the  Millstone  Orit  to  appear  in  two  places. 
The  probability,  therefore,  seems  to  be  that  in  the  rolling  over  of  the 
Mendip  range,  the  Paladozoic  strata  on  its  south  side  have  been 
thrown  ijito  a  great  synclinal  trough,  and  thus  have  been  the  means  of 
preserving  the  Coal-measures  from  the  enormous  amount  of  denuda- 
tion which,  as  Professor  Bamsay  has  shown,  the  same  rocks  have 
been  subjected  to  that  formed  the  anticlinal  ridges.' 

At  some  future  time,  when  the  increased  price  makes  it  worth 
while,  or  the  adjacent  Coal-fields  approach  exhaustion,  this  district 
will  not  fail  to  attract  the  attention  of  enterprising  persons  interested 
in  coal-mining.  To  prove  the  question  trials  might  be  made  near 
Meare,  Wedmore,  Polsham  and  Pilton,  which  are  all  places  favour- 
ably situated  for  the  purpose,  and  where  the  Coal-measures  might 
reasonably  be  expected  at  a  depth  of  1000  feet,  estimating  100  feet 
for  the  Lower  Lias  and  Bhadtic  beds  where  present  near  these  locali- 
ties, and  800  feet  for  the  Eeuper  beds. 

^  Recorded  by  Mr.  C.  Moore,  Quart.  Joum.  Geol.  Soc.,  vol.  xxiii.,  1867,  P.  457. 

'  In  Mr.  Prestwich^B  opinion,  coal  would  not  be  found  at  a  depth  less  than  from 
1600  to  2000  feet    Report  of  Coal  Commission,  p.  163. 

*  Mem.  Geol.  Survey,  vol.  i.  Mr.  Prestwich  tninks  '*  it  is  possible  that  the  great 
thickness  of  the  Secondary  strata  south  of  the  Mendips  may  arise  from  a  ereater  de- 
nudation of  the  PalsDozoic  rocks  on  the  south  than  on  the  north  of  the  Mendips,  in 
which  case  a  larger  portion  of  the  Coal-measures  may  haye  been  there  remoTed." 
Report  of  Coal  Commission,  p.  163. 
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It  5-i.:'':ii-  Li'Wrver,  h^  b?me  in  mind,  that  the  Coal-measures  of 
S:i:^r;r--:-:-"L:re'  ffi-sst*?-*  thr^rr  divisi-ns.  an  upf>erand  lower  productive 
5-er>i«.  K-i':in»v>i  It  a  mii-Ue  one.  the  Pennant  Grit,  which  i?  from 
2.'.»>J  ::•  3.'»J  l«t  in   tLicknese.  and  contains   but  two  or  three 

fct-'alL*  of  C"'il. 

Tiir  rainijn  has  l»ren  expressed  by  Mr.  Prestwieh  and  Mr. 
Et:.vr;  :::r:-  iLri:  pvisil'lT  ij  the  s^iuth  of  the  Mendips  the  Cci?tl- 
niv.'»feur»:-«  nii^'}::  ii*&i:r:je  iLv  I^-vonian  tj-pe  of  Culm -measures.  This 
^■.»>s«  :o  tLv  htr.irt  '.f  the  r^rvonian  qiK-stiun,  for  if  we  regard  the 
Culm-u.v-i-ur-.s  as  representing  the  true  Coal- measures.  Professor 
Juk's's  clELS^iiiciiioii  liiiist  1»^  accepted.  For  it  is  acknowledged  that 
tlie  h  uudan'  l;i:»*  between  tlie  Cuhn-nieasures  and  Upper  Devunian 
of  N  rrh  iJcvoii  is  fy.i  jjtA'I'i^I  tliat  it  is  hard  to  separate  the  two;  and 
tliercr-re  the  latter  mu>t  represent  the  underlying  Carboniferous 
f'>rirrri»ns.  Be  this  as  it  may.  we  cannot  o-nsider  this  great  and 
difficult  question  as  by  any  means  finally  settled  at  present,  atdwe 
must  I'lok  forward  to  the  careful  working  out  of  the  area  by  the 
rk-.'l  u.acal  Sur\-ey  as  tlie  only  way  in  which  it  will  be  definitely 
solved.  We  do  not.  however.  s(*e  any  reason  to  supjiose  a  jrroat 
chanjre  in  tlie  CarV»oniferrius  strata  immediately  south  of  the  Mendips. 
fur  at  r';iniiintrt"n  Park  we  have  the  Moimtain  Limestone  presenting 
its  nrlin^ry  tV-anires.  as  they  are  so  well  displayed  in  the  correspond- 
in;:  1k-<1>  at  Cliftun.  on  the  Mendip  Ilills.  and  in  South  Wales. 

Tlie  JiL'port  of  the  Koyal  Coal  Commission  is  one  of  the  most  re- 
um  k;ible  w^irks  of  this  nr  aiiv  other  aire  or  c«.>untrv.  When  the  two 
r- iii.'iinin;r  voJuiii'-s  are  pr.i.lisshed.  tht.-  wlnde  will  be  an  endurii;^ 
lu'jiiurjient  to  tin-  ln-iiMiir  of  its  authors,  wlio  seem  to  have  spand 
Tir-itlii-r  time  nor  la]»'Ur  in  the  preparati-m  uf  a  mass  of  iufunnation 
r»-litin:r  to  the  Co:il  in  the  Uniteil  Kin.LT'loni.  such  as  has  never  Kvu 
bmn-'lit  ioi:»tlR'r  lielure.  and  which  will  uverv  dav  become  of  in- 
cr«.;isin;^  v.iJuo  to  all  iMT-uns  interested  in  this  most  important  bniuch 
r»f  our  industrial  resnurcos.  Tlie  country  at  large  is  under  a  great 
deht  (.»f  ohliL;;ati«>n  to  tlie  Commissioners,  who,  in  the  niiilst  of  j)ul»lic 
<^r  ]»riv;ite  l.iusini.ss,  have  ^ivon  their  best  energies,  without  fee  or 
reward,  to  a  suhjeet  which  most  ]»crsons  would  consider  sufficiently 
onerous  in  itself,  ajiart  from  other  duties. 

I'iiis  is  especially  noteworthy  with  regard  to  the  contributions  of 
Messrs.  liarnsay,  rre^twich.  and  Hunt,  whose  labours  can  sciircelv 
be  appn-einted  at  their  fullest  extent  except  l»y  those  persons  who 
have  heon  (rugagiMl  in  in(|uirie8  of  a  similar  nature. 

The  results  arrived  at  by  the  (.^oniniissioners  show  that  the  public 
fears  as  io  tho  immediately  approaching  exhaustion  of  the  available 
coal  wtiYc,  altogether  groiuidless,  and  they  establish  tho  fact  that  the 
country  possesses  a  supply  of  coal  sufficient  for  tho  wants  of  the 
nation  for  a  long  period.  e<iual  to  about  three  hundred  years.  In  the 
face  of  that  conclusion  the  Commissioners,  as  a  bodv,  have  scaivelv 
felt  themselves  justified  in  r(?commending  that  experimental  Ixirings 
should  he  made  for  tho  i)urpose  of  testing  the  existence  of  coal  in 
urouu  whore  its  occurrence  has  only  been  hypotheticidly  inferred. 

^  liepurt  of  Cual  ComDiLsiiioUy  vol.  i.,  pp.  147)  163. 
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Otherwise  such  borings  might  haye  been  made  in  the  country  to  the 
Bonth  of  the  Mendips,  as  well  as  in  other  localities  in  the  south  of 
England,  where  the  presence  of  Coal-measures  has  been  inferred 
beneath  the  Secondary  rocks.^ 

in. — NoTB  ON  A  Futile  Seaboh  fob  Goal  neab  Nobthampton. 

By  Samvbl  Sharp,  F.S.A.,  F.G.S. 

HAVING  had  my  attention  drawn  to  a  comn^unication  from  H. 
W.  Bristow,  Esq.,  F.B.S.,  District  Surveyor  of  the  Geological 
Survey  of  England  and  Wales,  which  appeared  in  the  Wells  Journal 
of  12th  October,  and  which  relates  how  no  came  upon  a  shaft  (with 
steam-engine,  etc.,  in  full  operation)  that  was  being  sunk  for  Coal 
about  three%uarters  of  a  mile  North  of  Easton,  in  Somersetshire, 
and  which  shaft  penetrated  the  Old  Bed  Sandstone  to  a  depth  of 
112  yards,  starting  at  a  point  from  3,000  to  4,000  feet  below  the 
horizon  of  the  lowest  strata  of  the  true  Coal-measures,  I  think  it  not 
undesirable  to  make  known  the  fact  of  an  as  unwise  and  hopeless 
search  for  Coal  in  Northamptonshire,  at  a  point  probably  more  re- 
moved vertically,  but  in  the  opposite  direction,  firom  any  strata  in 
•which  Coal  would  be  likely  to  be  foimd. 

About  thirty-five  years  ago,  a  company  was  formed,  based  upon 
the  advice  also  of  "  a  practical  man,"  at  Northampton,  and  a  shaft 
was  sunk  at  Kingsthorpe,  a  village  lying  immediately  North  of  that 
county  town.  The  spot  selected  was  nearly  the  highest  in  the  neigh- 
bourhood, and  remarkable  for  the  presence  of  quarries  in  a  bed  of 
Limestone  of  the  Great  Oolite  formation,  of  a  thickness  of  about 
twenty-five  feet;  which  limestone  overlies  an  estuarine  Clay  (also 
Great  Oolite)  of  fifteen  feet.  These  are  succeeded  by  the  three 
divisions  of  the  Northampton  Sand  (Inferior  Oolite),  having  an  ag- 

regate  depth  of  say  eighty  feet,  which  repose  upon  the  Upper  Lias. 

that  these  upper  beds  have  a  depth  of  about  120  feet. 

No  accurate  detailed  section  of  the  shaft  was  taken  at  the  time ; 
but  at  a  depth  of  210  feet  from  the  surface,  a  water-yielding  *•' Lime- 
stone rock,"  in  the  Middle  Lias  (Marlstone),  was  pierced,  which 
produced  36,000  gallons  of  water  per  hour.  At  the  depth  of  880 
feet  (as  is  stated  in  pencU-notes  on  a  diagram  in  my  possession,  which 
notes  are  said  to  have  been  made  by  Dr.  Wm.  Smith,  F.R.S.,  F.G.S., 
etc.),  the  New  Red  Sandstone  was  reached,  and  a  flow  of  brackish 
water  of  a  like  volume  to  the  former  occurred.  The  New  Red  Sand- 
stone is  stated  to  have  consisted  of  **  sixty  feet  of  Sandstone,  twelve 
feet  of  Red  Marl,  and  fifteen  feet  of  Conglomerate."  At  this  point 
(a  depth  of  967  feet  having  been  attained,  and  about  £30,000  ex- 
pended) the  enterprise  was  abandoned. 

*  Mr.  Prestwich  remarkB  that  a  few  trials  for  coal  would  not  be  very  costly,  and 
that  they  could  hardly  fail  in  important  results,  as  in  case  of  failing  at  once  to  hit  the 
Coal-measures,  we  might  possibly  find  the  Lower  Greensands,  and  obtain  its  pure  and 
abundant  waters,  a  consideration  of  high  importance  to  the  metropolis.  Report  of 
Coal  Commission,  p.  165.— This  is  not  the  place  for  going  fully  into  the  question  of 
the  occurrence  of  Coal  in  the  south-eastern  counties,  out  I  agree  with  Sir  Roderick 
Murchison  that  it  is  highly  improbable  that  a  remunerative  Coal-field  will  ever  be 
diflcorered  in  that  area. — M.  B.  W. 
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The  question,  however,  has  lately  been  again  a^tated,  and  a  pro- 
posal has  been  made  to  form  a  new  company  to  reoommenoe  open- 
tions  from  the  bottom  of  the  old  shaft.  In  view  of  this  circnmstanoe^ 
it  may  not  be  without  interest  or  utility  to  consider  -what  thicknesB 
of  beds  possibly  intervene  between  the  bottom  of  the  shaft  and  the 
horizon  of  workable  Coal.  The  Coal-field  of  War^ckshiie  is  the 
nearest  Coal-field  to  this  locality,  and  as  no  important  change  from  the 
thining-out  or  denudation  of  intermediate  beds,  or  from  a  great  fault, 
is  known  to  occur  in  the  space  lying  between  this  locality  and  that, 
it  will  not  be  unreasonable  to  apply  the  data  furnished  by  sections 
in  Warwickshire  to  an  approximate  calculation  of  the  probaUe 
thickness  of  the  same  beds  in  this  district.  Mr.  Hull,  in  The  Cod' 
fields  of  Great  Britain,  quoting  from  Mr.  Howell's  Memoir  "On 
the  Greology  of  the  Warwickshire  Coal-field,  etc.,"  gives  the  follow- 
ing thicknesses: — ^Trias,  780  feet;  Lower  Permian,  2,000  feet; 
Sandstones.  Shales,  etc...  of  the  Coal-measures  before  workable  Coal 
is  reached,  1,500  feet  So  that,  if  these  beds  extend  into  the  adjoin- 
ing county  of  Northampton  without  material  alteration,  we  shall 
have  underlying  the  bottom  of  the  Eingsthorpe  shaft,  and  above  the 
horizon  of  the  Warwickshire  Coal,  beds  of  the  aggregate  thickness 
of  4,200  feet ;  which,  added  to  the  depth  of  the  old  shaft,  would 
give  a  total  depth  of  some  5,000  feet,  or  about  twice  the  depth  of 
tlie  doopest  Coal-mine  in  this  country. 

Moreover,  according  to  the  views  of  Mr.  Hull,  as  stated  by  him  in 
a  paper  read  in  the  Geological  Section  of  the  British  Association  at 
Liverpool  last  j^ear,  Nortliamptonshire  is  quite  without  the  area  of 
the  original  Coal-field  of  this  country,  as  it  existed  Ixjfore  denu- 
dation took  place ;  and  in  such  case  no  Coal  could  possibly  be  found 
at  any  depth. 

The  faitli  of  the  projectors  of  the  proposed  new  company,  how- 
ever, is  not  based  upon  any  geological  considerations,  but  upon  the 
opinions  of  i)ractical  men ;  indeed,  one  prominent  mover  in  the 
matter,  a  man  of  means,  having  large  connexion  with  the  iron- 
producing  trade  in  the  countr}',  declares  his  utter  lack  of  faith 
in  geologists,  and  bases  his  belief  that  Coal  will  be  found  in 
Northamptonshire  upon  his  conviction  '*  that  where  Grod  has  sent 
iron-ore,  he  has  also  sent  Coal  to  smelt  it  I " 

Dallinoton  Hall,  Oct.  20,  1871. 


IV. — On  the  Foraminifkua  op   the   Chalk    of  Gravksend  and 
Meudon,  figured  by  Prof.  Dr.  Chr.  G.  Ehrenberg. 

By  Trof.  T.  Rupert  Jonbs,  F.G.S.,  and  W.  K.  Parker,  F.R.S. 

THE  Second  Edition  of  Prof.  Morris's  "Catalogue  of  British 
Fossils  "  appeared  in  1854:,  and  in  the  same  year  was  published 
Dr.  Chr.  G.  Ehrenberg's  "  Mikrogeologie,"  containing  the  figures  of 
numerous  Foraminifera  found  by  that  eminent  German  microscopist, 
in  specimens  of  Chalk  from  Gravesend,  Kent.  A  preliminary  notice, 
indeed,  of  these  had  been  given  in  the  Transactions  of  the  Berlin 
of  Sciences  for  1838  (1839),  pp.  92,  133—135,  146,  pi.  iv.. 
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fig.  lY. ;  and  some  of  the  species  were  quoted  in  the  ''  Catalogue ; " 
but  a  more  matured  consideration  was  subsequently  given  them; 
and,  together  with  many  others  from  other  sources,  recent  and  fossil, 
they  were  most  carefcdly  figured  and  enumerated  in  the  above- 
mentioned  magnificent  work  on  Microzoa.  In  its  fine  folio  plates, 
so  richly  illustrating  the  Foraminiferal  faunsB  of  many  localities,  and 
of  many  geological  horizons,  the  artistic  work  is  of  high  order  in 
the  zoologist's  eyes ;  it  is  fsdthfully  correct  as  to  form,  aspect,  orna- 
mentation, colour,  and  all  details,  modified,  however,  by  the  specimens 
being  mostly  seen  as  transparent  objects,  with  the  thickness  of  the  walls 
rather  too  much  pronounced  at  the  edges ;  the  objects,  too,  are  some- 
what in  perspective.  It  being  difficult  to  combine  transparency  and 
perspective  in  a  drawing,  especially  with  the  attending  minutise  of 
pores,  tubercles,  ridges,  internal  septa,  septal  apertures,  and  other  cha- 
racteristics of  Foraminifera,  the  result  is  that  the  task  of  recognizing 
the  real  zoological  place  of  the  figured  forms  is  difficult,  or  impos- 
sible, except  to  those  who  have  long  studied  similar  hosts  of  microzoa, 
similarly  mounted  in  Canada-balsam.  Having  had  such  advantages, 
we  feel  called  on  to  add  to  tlie  list  of  British  fossils,  with  our  own 
nomenclature,  the  Cretaceous  Foraminifera  of  Gravesend,  figured  by 
Ehrenberg. 

Though  we  differ  very  considerably  in  our  estimation  of  generic 
and  specific  distinctions  and  arrangement  from  this  veteran  naturalist, 
as  shown  by  the  different  appellations  we  decide  to  annex  to  his 
figured  specimens,  yet  we  must  remark  that  the  divisions  and  collo- 
cations of  the  figures  on  his  plates  in  the  '' Mikrogeologie "  are 
generally  quite  natural,  according  to  some  diaracters,  which  Dr. 
Ehrenberg  has  recognized,  but  not  clearly  elaborated,  and  which 
agree  to  a  very  great  extent  with  our  own  basis  of  generic  arrange- 
ment. 

In 'plate  xxviii.  of  the  Mikrogeologie  are  figured  numerous  Fora- 
minifera from  the  floft  Chalk  of  Gravesend,  England.  They  are 
magnified  300  times  in  linear  dimensions.  These  are  referred  to  in 
the  ''  Monatsberichte  "  of  the  Berlin  Academy  for  1838,  pages  193, 
194,  where  some  of  them  are  stated  to  have  been  found  in  the 
Chalk  of  Brighton  also,  and  in  the  '*  Abhandlungen  "  for  1838,  as 
stated  above.  An  able  abstract  of  this  and  another  memoir  in  the 
"  Abhandlungen  "  was  made  by  the  late  T.  Weaver,  F.R.S.,  F.G.S., 
in  1841,  and  published  in  the  "  Phil  Mag.,"  Nos.  118  and  119,  and  in 
''Annals  and  Mag.  Nat.  Hist,"  voL  vii.,  pp.  296,  374,  etc. ;  and  in 
Taylor's  ''Scientific  Memoirs,"  voL  iii.  is  a  full  translation,  with 
plates,  of  Ehrenberg*s  memoir  "on  the  numerous  animals  of  the 
Chalk  Formation  which  are  still  found  living."  Berlin  Acad. 
Transact,  for  1840. 

The  results  of  our  careful  examination  of  Ehrenberg's  figures  are 
as  follows : — 

Fig.  1.  Miliola  loBvis  is  probably  a  single  joint  or  a  detached 
chamber  of  a  Nodosaria.  Ehrenberg's  Miliola  is  the  same  as 
Lagena  of  other  authors.  2.  Nodosaria  Anglica  is  N,  ovicula, 
D'Orb.,  with  a  rather  excentric  aperture.    3.  N.  monile  is  a  variety 
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:   V   ^v";   1' ="t' .  '■Ill  ra-JL-er  sbrr:  cLarir-rrs.      4.    FtijjiWiM 

■...:_:-"-•  --.T^  ■  -iT^-sTrzLirirr.  S.  F.  /r-r?  frrar-AvarfAra  seems 
•  V  -  >'--r  --■"  i*  "-?  T '■'•-.'•. Ir  T".  i':'5v7'j,  Corauel  sp.  6. 
7'-'-  ' -  -.^  f--  -:3  E:.7  1  t-:*.  M :rr  rillj  :ljistrat«*i  in  pL  xxxii.. I.. 
£rs-  -rj  4-:  7.  ^i  II..  1.  1?.  :r;i-  ".Lr  Mis^-:*::!!  ai^d  >Iis»issip(*i  Chalk. 
7.  A  •r>i  ::lLt.  :-\l  f  J.  rn>::3-  ?,  T-ixt.  ai»jJiata  i'X.  aspfra, 
iT-:-?  >  1  Ti.rr  r  .- ':••:-«-:.  D^T'..  wiu:  r:'-:jr.:s>h  shell,  9  and  10. 
r-.-*.  :  : :  .  f-^  1  -:  *  .  1 1 .  ^ .  i-j  ••.; :  >-'-'j.  ai:  i  12.  T.  Ki^obnlcta  OMpUata, 
<iTr  i:.  '.": " -ili  ::'  J.  /.":::*i  lo.  L:-r':-*f';"^.i'f*  <'».rri^i/i«  i«  an  arcnate 
r.  •-:;"  ;.  .i'.^.  :1t  li'-r  :L::z::iers  :■:  wLi.jiL  Lave  ;he  aperture  higher 
4*  i  :.  ::i.rr  -i  :  :li5  t  \s<:Lr.  iii  iis  'j^''Mi-jei.eric  character,  from 
T*T;i' I'.i  Tr.rrrr  ii.M  «.V'^  ,  ...fr^'.wr,.  Ir.  ir:^'..  it  mnr  be  the  voung 
•:■:  E-rvr.'.-rrj's  ivz.  -l'._.\i<:>  »*  n^.  li*  i-f  iLe  same  plate  i.  which  is  a 
r^TL-er  i-irr  w  a:.:  i..^,^;  i.rr-j'-..  i^»f;'i^;7'3.  Batsch  pp.  14.  Gra^moi" 
i<'7.^  .  ^."^IrL'^rt  sr*r:^*  :..•  Lr-  ■- :^y  a  ?Tii;ill  o.x'irse-shelled  T^xt.  ag'jlu- 
ti'iduf.  D'''»rv.  15.  10.  (jr.  r-  J-jfre-ia  is  VinjHh'na  Schreil'erfii, 
D'OrV-.  17.  Gr.  ar*xUnt*^*»  i«  a  Tanety  of  TerAeuilhia  iriquftra^ 
M -L*'':-r  frp..  w::h  ac":Ir.iie  t-2i:rs :  it  is  setrn  fr-'in  one  of  irs  three 
fli".  •;  !■  5.  H.  T'Xtii'irii  ao'*/fif«.i  is  a  small  rough  T.  aogititijuvn. 
v.-i-.L  n-.'-iih  ci.'iii-'i-rrs.  li>.  S-.v-  ii-jve.  20.  Proroporu^  crtia  is 
Po/y  ,">/-.. /I I rti  Tft'juihi.  1)'(jt\.'.  See  the  •'  Monograph  on  Polyiuor- 
]/f.:;.i-  ]fV  Iji-iIv.  Pjirkvr.  rinl  J'-nes.  Linn.  S«"»o.  Trans..  IS 70.  vol. 
xxvii..  p.  2.02.  21.  I>ij'?H':riu'i  crdct.  ar.-i  22.  ^.  acanthopora,  are 
fi!*-.«  P.  T'U-y-i 'I  hj*".  r'lt.  .  2-j.  B.  '.i^  K-'-tiM  is  P.  c^'HipriiiMa.  ••  Mon. 
J'oi.  :..."*  ]■.  227.  2i.  /.  .r-.-s'i' .n-M  r.  r.'z  is  also  Pohjui.  cohipn$sa. 
ftTj  1  -!.  ..-.l']  ].•:?  al-V'i  t  •  ti.e  "vr.-i.viiis  in  tL-.-  •*  MMnoirrrtiili  Polvin.."' 
ji.  1^-7.  27.  Lox.  Vnnr.n".  :%\A  20.  J^ox.  tirnnoti'm.  lifwever.  aro  slightly 
•liff';r!!._r  iij'iivi'luiils  ul'  IL  ttr"»t"m'.!:a  amJeato.  Ehr.  sp.  This  may 
].'•:•  '!•  >-.ri!>j  1  ts  a  |iri-.k!y  1  .-.•.vj-crrowii  TijAlhiria,  which,  having 
f>/'isi.-l  TO  ;rr.w  in  the  typi.al  m.-iTHior  {with  a  <loiiMo  row  of  alt er- 
naJiijj-  cliaijih'ri's  ■.  has  i-'.-ntimn:-]  with  a  sin;rh'  r«.»w  las  a  J*///*?!?*  r/*<a\ 
aii«l  ti :•->.'.•  have  not  only  ;^ot  teniiiiial,  instead  of  hiTfral.  ajK-rtures, 
but  lj;iv(,'  hecoiiie  liiip*-'!.  as  in  i>tvjriiia  ruj'fsa.  D'Oib.  tl>iO). 
iyOilM;4iiy,  huw^fver,  had  aii]»lie«l  th»j  name  ••  »S(7«7nHa ''  to  a  Uvi- 
p^oriii'-  ]''ijraiiiinif«r  iS.  ]*nlchclln}  in  ISoi).  In  18G6  Kiuss  pul- 
lish'-d  the-  namo  lb-It: r*»storii*Un  as  distinctive  of  the  •'Toxtilarian  " 
S'i'jraiha  uSitznn^sb.  Akad.  AVien,  v«)l.  lii.).  Ehivnberjr's  '' lAtxoi- 
totnnm/'  thou;rh  oiih-r  LS.jl).  is  so  misapplied  ])y  him  (to  Pvhfuwr- 
phina.  (jraminosioiiinm.  and  a  transitional  form  between  the  latter 
aM<l  Textllaria  proper j.  tliat  naturalists  may  well  hesitate  to  use  it 
II.  nrnleata  is  figurt-d  also  in  pi.  xxvii..  iigs.  21.  22.  27.  Pohfrnor- 
phi  mi  fnn'ff  is  a  narrow  and  typical  specimen  of  VtrguJhia  Srhrtlhrrsiij 
J)*()rl»..  which  is  snb;^oncricalIv  related  to  Bnlimiiia,  28  and  29. 
J*lrnrlirsy  calrijtarus,  .'iO.  Sphtrroidhia  crctacca,  ami  02.  Gnimvmhvtnjf 
Afujliniy  arc  broad  and  flattish  individuals  of  Virgullua  Uanprlrhii 
Khr.  sp  This  Hpe(;i(;s  is  well  figured  (under  many  diflerent  names) 
in  \\ui  •*Mikr<»g(joh)gie."     It  is  veiy  variable  in  form,  but  constant  in 

^Some  of  Klirc'iiliorj^'s  fiirtins  quoted  in  this  Monogjaph  as  robjmorphiua,  we  tied, 
cuubidvration,  to  be  yiryulimn,  etc. 
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the  cloudy,  or  seemingly  muddy,  opacity  of  its  shell, — a  structure 
beautifully  engraved  in  pi.  xxix.,  fig.  38,  and  elsewhere.  This 
species  is  very  common  in  the  Indian  seas,  with  its  misty,  dull  shell, 
of  variable  growth,  sometimes  regularly  Virguline,  with  alternate 
chambers,  sometimes  passing  into  BviiTnina  proper,  sometimes  short 
and  nearly  round,  like  Gassidvlinay  and  in  other  snbvarietal  shapes. 
It  is  the  only  Virgvlina  that  takes  on  a  sandy  condition,  becoming 
sabarenaceous,  and  thereby  very  delicately  rugose.  Ehrenberg 
appears  to  have  first  noticed  it  in  the  Tertiary  Limestone  from 
lliebes,  Egypt.  In  pi.  xxiv.,  illustrating  the  Foraminifera  from 
that  rich  rock,  he  gives  the  name  Strophoconua  Hemprichii  to  a  fine 
oomplanate  specimen  (fig.  32)  ;  some  smaller  individuals,  figs.  29,  30, 

31,  he  puts  under  the  same  genus,  and  another  as  "  Textilaria  ?  or 
Orammohotrys. "  His  "  Strophoconi "  are  all  either  Virgulince  or 
^ulimincB;  therefore  the  name  is  not  required.  Other  instances  of 
V,  Hemprichii  (fossil)  occur  at  pi.  xix.,  fig.  86  (?),  ^gina ;  xxi.  fig. 
88,  Oran ;  xxiiL,  fig.  19,  Mokattam ;  xxv.,  fig.  16  (?),  Antilibanon  ; 
xxvi.,  figs.  19—24,  26,  27,  Cattolica;  xxix.,  figs.  32—36,  Moen 
Chalk ;  xxx.,  figs.  18,  19,  21,  Biigen  Chalk;  xxxiL,  n.,  figs.  18,  20, 
Mississippi  C^alk  ;  xxxiii.,  xiii.,  fig.  27  (?),  San  Francisco.  Of  these 
some  are  remarkable ;  for  instance,  the  Vagintdina  f  paradoxa  and 
V.  obscura  (xxvi.,  26,  27)  are  nearly  cylindrical  and  subarcuate, 
such  as  occur  in  the  Jurassic  Clays,  in  the  Gault,  and  in  the  Chalk ; 
they  are  old  "Secondary"  Virgulina.  A  variety,  xxx.,  ^g,  18,  termed 
"  Polymorphina  nuclem,''  shows  a  passage  into  Caseidulina,  An  out- 
spread, rhomboidal,  and  suboblong  Textilariform  variety  is  seen  in 
xxxii.,  II.,  figs.  18  and  20,  termed  ''  Grammostomum  tessera, "  and 
"  Pleurites  f  Americanus.** 

PL  xxviiL,  fig.  31,  Heterostomum  cyclostomvm,  and  33,  Grammos- 
lomum  platytheca  are  young,  broad,  coarse-shelled  Textularim  gibbosa. 

32.  See  above.  34 — 42a.,  variously  named  '*  BotaUis"  (including  B. 
glohtdosa,  1838,  figs.  40,  41),  are  so  many  individuals  of  Glohigerina 
eretacea,  D'Orb.,  an  outspread,  flattish  variety  of  GL  huUoides,  D'Orb., 
smooth  in  the  youngest  (41,  42),  coarser  and  prickly  in  older  speci- 
mens. 

43.  Flanulina  omphalolepta  {PI.  turgida,  1838)  is  a  small  and 
somewhat  complanate  Cristellaria  rotfdata,  Lamarck  sp.,  or  feebly 
keeled  Cr.  ctdtrata,  Montf  sp.  44.  PL  cmnulosa  is  a  still  smaller 
specimen.  45a,  h,  PL  odontopluBna  is  Crist  ctdtrata,  Montf.  sp.  Fig. 
45a  has  tear-like  and  ridgy  exogenous  growtbs  of  shell-matter  near 
the  umbilicus,  but  no  umbo.  46.  PL  hexas  (Bosalina  globularis  f 
1838)  is  Cr,  ctdtrata  with  a  small  keel.  47.  Botalia  prmtexta  is  a 
produced  suboval  individual  of  Crist,  ctdtrata.  48.  Flanulina 
adspersa  is  probably  a  small  Cr,  ctdtrata  or  rotulata.  In  fact,  figs. 
43 — 48  show  various  stages  and  conditions  of  growth  of  the  common 
Cristellaria  of  the  Chalk,  in  its  umbilicate  condition,  and  with  more 
or  less  of  a  keel  or  crest.  49.  PL  umhilicata,  also  54,  Cristellaria 
megalompTuila,  and  55,  Cr.  Anglica,  are  limbate  specimens  of  Or. 
ctdtrata,  that  is,  having  the  shell  ibickened  over  the  septal  lines. 
50,  Botalia  lentietdina,  51.  B,  Xondm^iuu,  and  52«  B.  Upida,  are 
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small  indiyiduals  of  Planorbtdina  ammonaides,  63.  B.  pieiaf  Tliiiii 
Pulvinultna  MieheUrUana,  D'Orb.  sp.,  seen  from  its  flat  (upper)  sraxal 
£ace.  The  same  species  is  represented  in  pL  xzviL,  fi^.  62,  by  a 
rather  larger  specimen  {**  Planulina  pieta")  from  the  Chalk  of 
Meudon,  viewed  through  the  vertical  thickness  of  the  shell  from  its 
high  umbilical  (lower)  face.  This  belongs  to  a  laige  frimilj  of 
Botaline  Foraminifera,  which  group  themselves  around  PuZ^niiJtiia 
repanda,  Fichtel  and  Moll,  sp.  It  belongs  more  espeoially  to  the 
subgroup  of  which  P,  Menardii  is  the  type.  This  attains  its  best 
growth  at  about  100  fathoms  in  the  existing  seas,  but  lives  well  at 
abyssal  depths,  even  at  more  than  two  miles  depUi ;  whilst,  on  the 
contrary,  in  shallow  water  it  degenerates  into  bizarre  varietioB. 
D'Orbigny's  Botalia  eraMa,  figured  on  the  same  plate  (Mem.  Soo. 
Geol.  Fr.,  iv.  pL  3,  f.  7,  8),  is  also  a  variety  of  PtdvinvUna  MenardU 
These  are  found  in  existing  seas  under  the  conditions  mentioned 
above,  and  are  abundant  in  the  Gault,  Chalk-marl,  and  Chalk. 

The  other  objects  from  the  Chalk  shown  in  this  interesting  plate 
are  some  siliceous  and  calcareous  Sponge  Spicula,  some  Morpholites, 
including  Coccoliths,  possibly  a  variety  of  Cyatholith  wi^ont  its 
centrum,  and  two  Diatoms,  Fragilaria  rhahdosama,  1838,  and  /V. 
pinnata,  1844  {Fr.  striolata,  1838). 

According  to  our  views,  as  explained  above,  and  in  our  papers  on 
the  Nomenclature  of  the  Foraminifera  in  the  Ann.  Nat.  Hist,  and 
in  other  memoirs,  we  regard  Dr.  £hrenberg*s  figures  of  the  Forami- 
nifera from  the  Chalk  of  Gravesend  as  referable  to — 

NodMaria  ovictUa,  D'Orb.  Orammottomum  pennatulA,  Batach  ip. 

Vaginulina  Usvigata  Roemer.  Virgulina  Schr$iber»i%t  D'Orb. 

hngaj  Comuel  sp.  Hempriehii,  Ehr.  »p. 

Textilaria  striata^  Ehr.  Folymorphina  Thomni,  D'Orb. 

gibboga,  D'Orb.  Qlobigerina  cretaceaj  D'Orb. 

agglutinansy  D'Orb.  CrisUllaria  euitratoj  Montfort  sp. 

Heltrostomilla  aeuleata,  Ehr.  sp.  FlanorbtUina  ammonoidesy  Reius  sp. 

Verfieuiliua  triquetral  Miioster  sp.  Fuivinulina  MkMinianaj  D'Orb.  fp. 

Those  of  Ehrenberg's  species  that  are  mentioned  in  Morris's  "Cat 
Brit.  Fobs.,**  second  edition,  are  : — 

1.  Flunulina  (f  Cristellaria)  turgidaz^  CrtsteUaria  cultrata,  small 
(PL  omphalolepta,  1854).  2.  Bosalina  globularis  =  Or.  ctdtratOi 
feeble  (PL  hexaa,  1854).  3.  Botalia  globHlo8a=zGlohigerina  cretacea, 
4.  Botalia  omata  =  ^  Not  figured  in  1838,  nor  in  1854.  5.  Botalia 
perforata  =  Glohigerina  cretacea.  6.  Textilaria  aciculatxi  =  ?  Not 
figured  in  1854 :  the  figure  given  in  1838  is  like  that  of  a  smaU 
Virgtdina.  7.  Textilaria  a8pera=iT,  gibbosa  {T,  ampliataj  1854). 
8.  I\  globulosa  =  T,  gibbosa^  small.  9.  T.  perforata  (=:  T,  gibbosa) 
should  not  have  been  inserted,  as  Ehrenberg  does  not  refer  to  it  as 
occurriug  in  the  English  Chalk. 

It  will  add  to  the  interest  of  these  notes  on  Cretaceous  Forami- 
nifera, if  we  allude  to  PI.  xxvii.  of  the  **Mikroge()logie,"  illustniting 
the  species  and  varieties  that  Dr.  Ehrenberg  discovered  in  the  Chalk 
of  Meiidon,  France.  These  are  similarly  treated,  and  are  also  re- 
ferred to  in  the  same  papers  in  the  Journal  and  Transactions  of  the 
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Berlin  Academy,  as  the  English  specimens.  Studied  in  the  same 
manner  as  the  latter,  these  French  forms  appear  to  us  to  belong  to 
the  following  species  and  notable  yarieties : — 

Lagena  globta^  MontagfO.  Venitmlina  pygmceoy  Efl^er. 

JiodoMria  ovicisia^  D'Ch'b.  Folyfuorphina  Thouini^  i)*Orb. 

Bolivina  punctata,  D*Orb.  Spharoidina  btdloidet^  D'Orb.  sp. 

VirgtUina  squamosa,  D*Orb.  Cristsllaria  eultrata,  Montf.  sp. 

■  Sehreibertii,  D*Orb.  Qlobigsrina  eretacea,  D'Orb. 

Tfxtilaria  striata,  £hr.  FlanorlnUina  ammonoidet,  Rss.  sp. 

— —  gibbosa,  D'Orb.  Flanorbuline^farcta,  F,  ^  M.  ep. ;  small 
■                aeuleata,  Ehr.  yarieties. 

-»— ^— —  sagittula,  Defrance.  Jhdvinulina  truneatulinoides,  D'Orb.  sp. 

-  agglutinans,  D'Orb.  MieKeliniana,   D'Orb.   sp. 

Hettrostomella  aeuleata,  Ehr.  sp.  (See  aboye,  page  610.) 

These  may  be  with  advantage  compared  with  the  Foraminifera 
from  the  Chfldk  near  Paris,  described  and  figured  by  Alcide  D*Orbigny, 
in  1840,  *•  Mem.  Soc.  Geol.  France,"  vol.  iv.,  part  1,  pi.  1-4.  We 
must,  however,  premise  that,  to  bring  all  to  the  same  terms  of  com- 
parison, some  of  the  generic  terms  used  for  these  Foraminifera  in 
1840  have  now  to  be  altered,  thus : — 

Motdlina  Voltziana^ Planorbulina.  Boealina  Lomeiana\  _  p.        .  ,. 

Mieheliniana  =  Puivinuiina.  Olementianaf  — «««^^««»««' 

umbiliecUa  =s  Rotalia.  Uvigerina  triearinata  «  THtaxia  (near 


Coraiertafia  )  Fgrultna  aemnlnata^Fwymorphtna, 

Sagrina  rugosa  s  Heterostomelia, 

A  full  list  of  D'Orbigny's  species  from  the  Chalk  is  given  in  Mr. 
Weaver's  Appendix  to  his  Abstract  of  Ehrenberg's  Memoirs,  Ann. 
Nat.  Hist,  vii.,  p.  395,  etc. ;  together  with  notes  on  their  localities 
and  distribution  in  France,  England,  and  elsewhere. 

Lastly,  we  must  not  lose  sight  of  the  fact  that  the  specimens 
figured  in  the  "  Mikrogeologie  "  are  for  the  most  part  very  minute, 
snch  as  lie  among  the  finer  debris  of  washed  Chalk;  whilst  those 
treated  of  by  D'Orbigny  were  larger  individuals  picked  out  by  means 
of  hand-lenses  from  the  coarser  dust  of  the  disintegrated  material. 
The  great  difference  of  size,  however,  among  individual  Foraminifera 
carries  but  little  weight  in  the  determination  of  species ;  for  the  con- 
ditions, not  only  of  growth,  but  of  feeding-ground,  dfepth  of  water, 
and  climate  affect  them  so  greatly,  that  a  form  which  may  be  gigantic 
in  one  habitat,  will  be  arrested  or  dwarfed  in  another,  retaining  all 
the  essential  characteristics  of  shape  and  structure  which  are  re- 
quired for  its  specific  identification. 


On  thm  Gkologt  op  the  Kingsolkrb  Yallet, 

A  Lecture  addressed  to  Newbury  District  Field  Club,  during  an  Excursion, 

on  September  19,  1871. 

PROFESSOR   RUPERT  JONES,  who  took  his  stand  on  the 
northern  edge  of  Ladel  Hill,  from  which  an  extensive  view  of 
the  country  was  obtained,  proceeded  to  deliver  a  lecture  *'  On  the 
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Gi^Hilogy  of  the  Kingsclere  Yalley,"  with  various  iUnstTative  maps 
and  dia^^ras  placetl  around  him  on  the  sward.     He  prefaced  his 
observations  with  an  ajwlogy  for  having  to  deal  with  such  a  large 
subject  in  so  limited  a  time,  and  for  the  difficulty  of  treating  in  a 
popular  way  such  complicated  geological  facts  as  were  concerned  in 
the  origin  and  history  of  the  beautiful  valley  hnng:  at  the  feet  of  his 
a\niience.     He  would  take  for  granted  that  all  present  were  acquainted 
to  some  extent  with  geology  ;  that  they  knew  that  chalk  is  not  alwajs 
what  it  seems ;  that  it  is  made  up  of  innumerable  microscopic  shells, 
and  is  subject  to  change ;  that  the  valleys  were  due  to  causes  of 
which  even  geologists  had  not  in  all  cases  a  very  clear  idea ;  that 
the  hills  were  not  masses  of  earth  or  stone  placed,  as  it  were  artifi- 
ciall}'.  upon  a  given  liorizoutal  surface,  but  were  intimately  connected 
with  the  internal  structure  of  the  earth,  and  that  their  constituent 
strata  cH)uld  ho  traced  out  as  massive  stony  sheets  or  Ifiyers,  stretch- 
ing awa}',  not  only  through  Berks  and  Uants.  but  through  England 
an<l  Europe,  and  other  parts  of  the  world.     The  hills  and  valleys 
spread  out  befoix)  them  were  not  created  as  such.     There  was  a  time 
Avlien  this  valley  did  not  exist,  but  its  place  was  occupied  by  a  great 
solid  arching  of  the  Chalk  an<l  other  strata.,  continued  ou  all  sides  as 
a  vast  ])lateau,  gradually  rising  fn^m  the  sea.     Tlie  broken  upper 
courses  of  this  great  arch,  or  elliptiwil  dome,  two  miles  by  si.x  in  its 
chief  diameters,  were  washed  away,  together  with  the  softer  mate- 
rials, by  sea  and  niiii ;  and  the  broad  undulating  hollows  and  sloping 
si<h's  were  left  that  now  fonn  the  Kingsclere  "valley  of  elevation/* 
so  Well   (lescribod  h\  Buck  land  iiiauv  vears  a^'o.     It  is  of  a  lonu 
triangular  shape,   pinoliod  in   at  the  sides ;  and  it  constitutes  what 
g('nl()o;ists  term  an  ''inlier''  of  some  of  the  strata  ]>elow  the  Chalk. 
11m»  containing  hills,  or  scarped  ed^es  of  the  broken  Chalk,  stand 
hi;^li  up  al)0ve  the  Hoor  of  the  valley.,  because  of  their  relative  hanlm-ss. 
^riicir  wliite  calcareous  snbstance,  tlioni;;h  .soft  as  a  rock,  is  hom> 
gcncniis  and  ton;;li.  especially  in  their  lower  tiers  or  courses,  wliore 
tlu^  greyish  Chalk-marl  (or  ^lalni-rock)  is  tougher  still,  and  j^rojeet* 
around  the  valley  as  low.  smooth,  ror.nded  hills  and  level  lK»nc!ies. 
too  tnugh  for  the  natural  growth  of  trees,  but  yielding  rich  crops  to 
the  pl(»ugli  and  harrow.     ( )f  this  formation.  Beacon  Hill  (just  visited 
by  llie  Field  Club)  is  a  part,  where  the  more  fiu'cible  curvature  "f 
till'  strata,  in  the  chief  focus  of  elevation,  raised  this  Lower  Chidk 
hiLilier  than  elsew^liere.     The  central  ])ortion  of  the  vallev  is  made 
up  of  a  dilVerent  sul)stance,  which   is  called  the  **  Green. sauil."  or 
*'  L'ppcr  (ireensand."     It  is  a  calcareous  or  chalky  substance,  with  a 
considerable  (luantity  of  sand  in  its  constitution.     Some  of  this  sand 
is  green.  ])eing  fragments  and  minute  concretions  of  a  mineral  called 
glaneonite.     Jn  Wiltshire  the  green  sand  predominates,  hence  these 
strata  got  the  name  of  •*  Greensand."     Hero  and  there  this  rock  is 
hardened  into  a  "mg- stone''  by  the  infiltration  of  silex  :  just  as  some 
of  the  (Mialk  is  freiiuently  changed  into  lumps  of  flint.     Tlio  <froen- 
sand.  being  more  friable  than  the  ( 'halk  or  the  Chalk-marl,  and  of  un- 
equal t(.*xture,  has  rotted  away  at  the  surface  into  a  rich  loam,  bear- 
ing trees  and  co|>ses,  which  sill  abo\uid  in  the  valli»y  round  about 
"ghcloro  and  Sydmontou ;  and  it  well  relays  the  farmer's  toil. 
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Beonrring  to  the  evidences  of  the  arobing  or  dome-structure  of 
strata  oyer  the  area  of  the  Eingsdere  Valley,  Professor  Jones  in- 
sisted on  the  importance  of  the  evidences  seen  in  chalk-pits  and 
other  excavations,  where  the  sections  show  that  the  strata  incline,  or 
**  dip  "  away  nortii  or  south,  or  in  other  directions,  as  the  case  may 
be ;  and  he  referred  to  the  value  of  stratification  in  elucidating  the 
history  of  the  earth's  crust.  The  uprising  and  the  washing  away  of 
twelve,  twenty,  or  hundreds  of  square  miles  of  upraised  strata,  even 
a  thousand  or  more  feet  in  thickness,  has  been  of  relatively  common 
oocurrenoe,  when  we  look  over  the  world  geologically;  for  many 
snch  hollow  areas,  or  '*  inliers,*'  have  been  swept  clean  of  the  broken 
tipper  layers  of  an  "  anticlinal "  fold  of  crumpled  strata.  Another 
such  ''  valley  of  elevation  "  lies  six  miles  to  the  north-west,  along 
the  Hampshire  Hills,  where  Ham  and  Shalbome  are  built  on  similar 
**  Greensand ;"  and  still  further  west,  the  Yale  of  Pusey,  of  still 
larger  dimensions,  indicates  the  continuance  of  the  line  of  elevation 
towards  the  Bristol  area.  On  the  south-west  also  a  similar  and 
parallel  line  of  uplift  has  exposed  the  beds  beneath  the  Chalk  in  the 
picturesque  Yale  of  Wardour ;  and  on  the  south-east,  in  the  extensive 
and  interesting  Yalley  of  the  Wealden,  including  the  Wealds  of 
Kent,  Surrey,  and  Sussex.  The  destruction  of  so  much  rocky 
material  as  that  not  only  which,  in  the  form  of  continuous  strata, 
connected  the  side-hills  of  the  valleys,  but  which  also  had  once  ex- 
isted to  a  great  height  above  the  present  surface  of  the  plateaux,  is  a 
subject  of  serious  geological  thought.  That  the  land  was  below  the 
level  of  the  sea,  as  a  sea-bed,  must  be  remembered ;  and,  though 
once  in  a  way  the  sea  may  have  been  accumulated  to  an  extra  height 
in  this  or  that  part  of  the  world,  yet,  as  a  rule,  the  rising  of  the  sea- 
beds  from  beneath  the  sea  is  owing  to  crumplings  of  the  earth's 
crust,  from  contractions,  as  the  layers  in  a  great  roll  of  cloth  or  linen, 
when  crushed  and  folded  by  side  pressure,  rise  up  above  the  general 
level ;  and  if  such  ridges  of  the  crumpled  cloth  were  pared  down,  as 
the  curved  strata  have  been  by  the  waves  and  currents  of  the  sea, 
the  lower  layers  would  be  exposed,  and,  if  soft,  would  be  still  more 
deeply  worn  away.  Further,  this  destruction,  or  rather  removal,  of 
the  upper  beds,  and  the  exposure  of  the  lower  by  "denudation," 
would  be  continued,  if  not  enhanced,  by  the  action  of  snow,  frost, 
ice,  rain,  and  torrents,  when  the  land  rose  higher  and  higher.  Such 
w^ork  we  see  is  going  on  around  us,  even  on  a  common  rainy  day ; 
and  much  more  active  are  these  agents  of  nature  in  the  tropical  and 
the  arctic  regions  respectively.  And  there  was  a  time  not  long  ago 
geologically,  though  at  least  ten  thousand  years  since,  when  an  arctic 
climate  was  succeeded  in  these  regions  by  a  time  of  snow  and  rains, 
called  the  "  Pluvial  Period  "  by  Mr.  Alfred  Tylor,  to  which  the  old 
broad  valleys  and  gravel-beds  of  our  rivers  and  many  other  features 
of  this  country  bear  witness. 

Kegarding  the  continuity  of  the  Chalk  with  the  other  great  strata, 
— it  forms  the  country  south  of  Ladel  Hill  to  right  and  left,  with  a 
diminished  thickness,  compared  with  its  original  condition,  and  with 
the  loss  of  all  the  once  overlying  Tertiary  beds,  as  far  as  the  confines 
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•»..•  New  Forest,  where  it  dips  below  the  Tertiary  clays  and  sands 
•iv.y  yix'served  ;  but  it  comes  out  again  in  the  Isle  of  "Wi^it,  and 
\«is*tc»  oil  l»eyond  the  water- worn  hollow  (called  the  Channel)  in  its 
Ml-  ••uv.  to  form  a  great  portion  of  Northern  France  and  other  parts 
-♦i  b'.'.itx^po.     On  the  northern  edge  of  the  Kingsclere  valley  the  Chalk 
!:ii--:iodiiitely  dips  at  a  high  angle,  leaving  little  more  than  its  e5C8a]ped 
„\l^'  ro  form  the  surface  there,  fiuid  continues  in  a  wide  thick  sheet 
U'lUMth  the  clays  and  sands  that  form  the  country  drained  by  the 
KiiU^rne,  until  it  emerges  at  Newbury  and  elsewhere  along  the 
Rennet.     Hero  it  is  masked  by  peat  and  gravel  along  tlie  valley 
Ivctom,  but  to  the  north  and  west  it  is  soon  found  to  constitute  the 
soil,  execj^t  where  **  outliers,"  or  remnants  of  the  Tertiary  strata, 
chiefly  Woolwich  l)eds  and  London  Clay,  form  hills  and  spurs  near 
the  ci^nfluence  of  the  Kennet  and  Lambome.     At  Shaw  brickfield, 
one  mile  north-east  of  Newbury,  is  seen  the  best  exposed  section  of 
the  Chalk,  overlain  by  the  Woolwich  beds  (with  fossil  oysters,  leaves. 
etc.),  and  these  surmounted  by  the  lower  jwrtion  of  the  London  Clay. 
Here,  however,  these  Tertiaries  liave  suffered  more  loss  by  denuda- 
tion than  in  the  country  south  of  Newbury,  where  broad  jwitches  of 
a  still  higher  formation,  the  "  Bagshot  Sands,"  constitute  the  heaths 
and  commons  on  the  borders  of  Berks  and  Hants.     These  are  based 
on  the  London  Clay,  which  is  exposed  along  the  deep-cut  valleys  of 
the  Eiibome  and  its  tributaries.     This  rests  on  the  Woolwich  beds, 
noted  for  their  plastic  clay,  which  crops  out  at  their  edge  as  a  narrow 
riband  along  the  noi*tlieni  foot  of  the  Chalk  hills  of  Hampshire,  and  as 
a  broadtT  and  more  irregular  area  on  the  Chalk  of  the  Kennet  valley. 
The  lecturer  then  alluded  to   the  condititms  ol  land  and  water 
existing  when  the  Chalk  was  foniied  as  a  deep-sea  deposit,  mainly 
composed  of  innumerable  microscopic  shells,  similar  to  sueh  as  still 
live  in  deep  seas  at  great  dej)ths,  and  form  white  calcareous  ooze, 
Tlie  different  depths  of  this  old  sea,  stretching  east  and  west  where 
now  Europe  and  Asia  exi.st,  were  filled  witli  different  materials,  and 
hence  the  differences  in  Chidk  beds  and  their  equivalents  in  different 
countries.     The  succeeding  changes  that  produced  the   fresh-water 
Woolwich  beds,  and  the  subsequent  marine  London  Clay  and  Bag- 
shot  Sands,  were  alluded  to ;   and  these  sands,  seen  on  the  Wash 
Common  and  elsewhere  (as  above  mentioned),  were  noted  as  having 
been  formed  in  shallcnv  water,  and  continuous  with  and  equivalent 
to  other  sea-<leposits  of  deep-water  origin.     Thus  these  barren  and 
here  non-fussilileruus  sands  are  of  the  siinie  age,  and  were  formed  in 
the  sjime  sea,  as  the  great  Nummulitic  limestone,  which  has  nnt  only 
8iipi>lied  material  for  the  Tyraniids  of  Egyi>t,  but   forms   natural 
buttresses  to  the  Alps  and  Himalayas. 

The  consideration  uf  the  gravel-beds,  coating  many  jiarts  of  the 
country,  was  not  attempted  for  want  of  time ;  but  the  great  features 
due  to  the  crumpling  of  strata  in  course  of  the  earth's  eont  motions, 
and  the  effect  of  water  as  a  denuding  agent  in  making  and  modifv- 
ing  geognq)hical  contours,  were  speeially  treated  of  in  the  Professor  8 
rdaume  of  the  facts  and  notii)ns  oti'ered  to  his  audience. 

Dr.  Stevens,  of  St.  Mary  Bourne,  thought  that  a  vote  of  thanks 
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■was  due  to  Professor  Bupert  Jones  for  his  very  full  and  interesting 
leotnre.  He  wished  further  to  say  that  when  coursing  in  the  Burgh- 
biere  Valley,  he  had  observed  that  there  was  very  Uttle  flint  drift, 
"which  was  singular,  considering  the  large  amount  of  denudation  the 
Chalk  hills  had  undergone.  This  had  also  been  noticed  by  Mr. 
Biistow,  in  the  Memoir  on  Sheet  12  of  the  Geological  Survey  Map. 
Dr.  Hills,  of  Basingstoke,  intimated  that  there  is  a  small  exposure 
of  the  Oault  near  Burghclere. — [From  the  Newbury  Weekly  News  of 
September  26,  with  corrections  by  T.  B.  J.} 
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WALL.  Parts  I.  and  11.,  Vol.  Vlll.  Containing  Observations 
on  Metalliferous  Deposits  and  Subterranean  Temperatures.  By 
William  Jobt  Henwood,  F.R.S.,  F.G.S.,  President  of  the 
Boyal  Polytechnic  Institution  of  Cornwall.  London,  1871. 
8vo.    Triibner  &  Co. 

THE  conditions  under  which  mineral  matter  has  filled  fissures  in 
the  earth's  crust,  and  thus  formed  veins  or  lodes,  has  long  been 
the  subject  of  observation  and  study  among  scientific  men,  and 
others  who  have  been  desirous  of  rendering  the  search  for  metallic 
ores  more  of  a  science,  and  less  of  a  speculation,  than  has  hitherto 
been  the  case.  Careful  and  accurate  observations,  therefore,  upon 
all  the  modes  of  occurrence  of  mineral  or  metalliferous  matter,  and 
of  the  apparent  causes  affecting  their  distribution  in  veins,  is  of  the 
highest  importance  to  a  generalization  of  facts,  and  the  consequent 
deduction  of  sound  rules  whereby  the  miner  may  in  future  bo 
guided.  Of  such  a  character  are  the  many  contributions  to  this 
study  which  have  appeared  in  the  past  v(^umes  of  the  Transactions 
of  the  Royal  Gleological  Society  of  Cornwall,  a  high  place  being 
accorded  to  those  prepared  by  Mr.  William  Jory  Henwood,  who 
indeed  appears  to  have  devoted  the  whole  of  his  time  for  many 
years  past  to  this  one  subject,  and,  avoiding  all  theories  and  specu- 
lations, has  been  ccmtent  to  record  what  he  has  himself  seen  and 
noted.  His  works  will  form  a  foundation  upon  which  the  theorist 
can  erect  his  edifice.  Science,  in  all  its  branches,  owes  much  to 
those  who  devote  themselves  to  the  hard  practical  work  of  accumu- 
lating and  recording  the  minutest  details  of  phenomena  coming 
immediately  under  their  own  observation,  and  who  concentrate  the 
whole  power  of  their  intellect  upon  such  work. 

The  present  volume,  like  one  of  its  predecessors,  is  occupied 
exclusively  with  a  continuation  of  Mr.  Honwood's  observations  on 
metalliferous  deposits  and  subterranean  temperatures,  with  the 
exception  that  in  this  volume  he  has  extended  his  sphere  of  work 
and  carried  us  to  important  mining  districts  in  the  North-west 
of  India,  North  and  South  America,  West  Indies,  the  Continent  of 
Europe,  etc.  In  Cornwall  and  Devon,  however,  the  conditions 
of  the  mineral  deposits  are  so  varied,  that  we  have  in  that  small 
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comer  of  our  island  an  epitome,  as  it  were,  of  all  the  most  important 
phenomena  of  mineral  veins,  so  that,  with  a  few  exoepttcms,  tboM 
exhibited  in  metalliferous  deposits  in  other  parts  of  the  world  an 
but  repetitions  and  illustrations  on  a  grander  scale  of  those  alreadj 
observed  in  this  country. 

The  first  chapter  in  the  volume  before  us  treats  of  the  deposiii 
of  the  provinces  of  Kumaon  and  Guhrwal  in  North-western  India, 
the  rocks  being  first  described,  with  their  geological  stractnre  and 
relative  position ;  then  follows  an  acoount  of  the  mode  of  distribu- 
tion of  the  enclosed  metallic  ores,  succeeded  by  descriptions  of  the 
methods  of  working  the  mines  and  dressing  the  ores.  The  same 
order  is  observed  in  the  succeeding  chapters. 

In  the  second  chapter  we  have  an  account  of  the  deposLts  of  die 
rich  mining  district  of  Chaiiarcillo,  in  Chili,  whence  for  many  yean 
past  very  large  quantities  of  silver  have  been  procured.  Notwith- 
standing that  the  yield  of  silver  has  been  so  enormous,  and  is  BtOl 
very  considerable,  it  appears  that  great  waste  is  the  rule  there,  and 
tliat  the  very  large  masses  of  inferior  ores  usually  accompanying  and 
surrounding  the  rich  hunches ,  are  seldom  brought  to  grass  to  be 
dressed,  but  are  thrown  aside  in  the  deserted  portions  of  the  mine. 
And  this,  too,  although  the  place  is  but  fifty  miles  inland,  and  has 
good  roads,  and  for  part  of  the  way  railway  communication  to  the 
coast  In  these  days  of  improved  and  economical  methods  for  dress- 
ing poor  ores  this  is  somewhat  surprising ;  but  it  may  be  partly  ac- 
counted for  by  the  want  of  wat«r,  as  we  read  in  one  place  that  "  a 
large  mining  population,  attracted  by  the  discovery,  quickly  stripped 
the  surface  of  its  wood ;  so  that  neither  tree,  shrub,  field,  garden, 
nor  oven  an  occasional  wild  flower,  now  relieves  the  brown  and 
dreary  monotony,  the  uniform  and  frightful  barrenness,  of  this  rich 
but  horrible  desert.  Although  tlie  bed  of  every  valley  and  glen  is 
overlaid  by  a  thick  bed  of  shingle,  pebbles,  and  gravel,  deeply  scored 
with  ruts  and  other  indications  that  the  country  was  formerly  well 
watered,  there  is  neither  a  single  spring  in  the  district,  nor  is  one 
streamlet  now  visible  from  the  bleak  summit  of  Chanarcillo,  except 
— perhaps  twice  or  thrice  in  the  year — when  an  occasional  shower 
may  for  a  few  hours  supply  each  ravine  with  a  scantily  trickling 
rill ;  these  are,  however,  quickly  absorbed  by  the  thirsty  soil. 

*'  No  water  has  ever  been  drawn  to  the  surface  of  any  mine  in  the 
district;  a  little  moisture,  however,— derived,  perhaps,  from  ascend- 
ing vapoiur, — exudes  from  some  of  the  rocks  and  veins,  but  it  is  im- 
mediately absorbed  by  other  portions  of  the  neighbouring  strata." 

Of  the  richness  of  some  portions  of  tlie  Limestone  beds  which 
appear  to  bo  the  silvor-beariiig  rocks  here,  and  particularly  of  one 
bed  known  in  several  mines  under  dififoront  names,  the  author  says : 
"  Tlirougliout  this  bed,  especially  where  calcareous  spar  and  earthy 
iron-ore  abound,  for  some  distance  on  either  side  of  the  Candclaria, 
Colorado^  an<l  Descuhridora  lodes,  the  rock  is  sprinkled,  its  laminae  are 
interlaid,  and  its  joints  are  invested  or  filled  with  granules,  filagrees, 
leaves,  plates,  and  veins  of  native  silver,  mixed  w^ith  the  sulphuret, 
the  chloride,  and — ^Vesa  irfec\^\eu^i\.^ — \)tva  Oc\Q\5i-\iT<5»\Si.vdft  ol'  silver. 
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a  many  suoh  parts  of  the  Manto  this' impregnation  has  been  so 
:eneral  and  so  rich  that  the  workmen  have  left  only  a  few  slender 
•illars  of  it  to  sapport  the  roof;  and  these  are  mostly  pieroed  and 
oored  in  pursuit  of  rich  veins  and.  fibres.  On  every  side  of  the 
avems  thus  opened,  galleries,  extended  on  lines  of  ore  nearly  ooin- 
ident  with  the  joints,  form,  as  they  interlace,  an  almost  inextricable 
abyrinth." 

The  gold-mines  in  tlie  province  of  Minas  Oeraes  in  Brazil  form 
lie  subject  of  the  next  diapter,  and  are  most  exhaustively  treated. 
[ere  the  JacoUnga,  a  micaceous  iron*ore,  and  the  Itabirite,  a  mica- 
sous  iron-schist,  form  the  principal  matrix  of  the  metal,  and  being 
Imost  peculiar  to  this  locality,  are  distributed,  in  greater  or  less 
uantity,  over  most  of  the  gold  districts.  * 

The  remaining  chapters  treat  of :  Notices  of  Copper  Mines  near 
!opiapo,  in  Chili  ;  Notices  of  Qold  Mines  in  Virginia  ;  On  the 
Fative  Copper  of  Lake  Superior ;  the  Metalliferous  Rocks  of 
Houcester,  in  New  Brunswick ;  On  the  Copper-bearing  Sandstone 
f  Huidobro,  in  Spain ;  On  the  Mines  of  Chalanches  d'Allemont, 
'ranee ;  Notice  of  the  Sark's  Hope  Mine,  Sark  ;  On  the  Copper 
lines  in  Ireland ;  On  the  Detrital  Gold  in  Wicklow ;  a  Notice 
f  the  Clogan  Oold  Mine  in  North  Wales;  On  the  Chrome-ore 
f  Breadalbane;  On  the  Molybdenite  of  Tomnadashan,  in  Perthshire; 
In  the  Caiadon  District  of  East  Cornwall ;  and  on  the  Lead  Mines 
r  Menheniot,  Lanreath,  and  Saint  Pinnock,  in  Cornwall. 

The  second  part  contains  the  Notes  on  Subterranean  Temperatures, 
y  the  same  author,  and  numerous  plates,  illustrating  the  papers 
tx>ve  named ;  also  voluminous  tables,  containing  a  mass  of  valuable 
ifoimation  relating  to  the  mines  described.  These  are  accompanied 
y  a  most  copious  Index,  occupying  131  pages,  which,  with  the  very 
omerous  notes  and  references,  greatly  enhance  the  value  and  useful - 
08S  of  the  work. 

It  is  impossible  to  give  in  these  pages  an  adequate  notion  of  the 
dnuteness  of  detail  and  acutenoss  of  observation  which  characterize 
7ery  page  of  the  book ;  they  must  be  studied,  and  thoroughly  too, 
»  be  properly  appreciated  by  all  interested  in  so  very  important  a 
ibjeot  as  the  progress  and  economy  of  mining. — ^T.  D. 


L  — Bepobt  of  thb  CoBonssioNERS  Appointed  to  Inquibk  into  the 
Several  Matters  Relating  to  Coal  in  the  United  Kingdom. 
Vol.  I.  (General  Report  and  Twenty-two  Sub-reports.  Folio.  1871. 

'T  was  in  June,  1866,  that  the  now  celebrated  Coal  Commission 
.  was  appointed.  It  bad  for  objects — firstly,  to  investigate  the 
cobable  quantity  of  coal  contained  in  the  Coal-fields  of  the  United 
ingdom,  and  to  report  on  the  quantity  of  such  coal  which  may  be 
ttsonably  expected  to  be  available  for  use ;  secondly,  to  ascertain 
hether  it  is  probable  that  coal  exists  at  workable  depths  under  the 
annian.  New  Red  Sandstone,  and  superincumbent  strata ;  thirdly, 
inquire  as  to  the  quantity  of  coal  at  present  consumed  in  the 
irions  branches  of  manufacture,  for  steam.  i\&V\^^Q\i^^\AVs^^^ 
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mcstic  purposes,  as  well  as  the  quantity  exjiorted,  and  how  far.  and 
to  wlmt  extent,  such  consumption  and  export  may  be  expected  vs 
increase :  and,  lastly,  to  trace  out  whether  there  is  reason  to  helieve 
tlmt  coal  is  wasted  by  bad  working,  or  by  careleseness  or  neglect  of 
proper  appliances  for  its  economical  consumption. 

The  Commission  consisted  of  die  Duke  of  Argyll ;  Sir  R  L 
IVIurohison,  Bart. ;  H.  H.  Vivian,  Esq.,  M.P. ;  SirW.  G.  Annstroi^: 
Profossor  A.  C.  Ramsay ;  J.  T.  Woodhouse,  Esq. ;  R.  Hunt,  Esq. ;  J. 
Pi-estwich,  Esq. ;  J.  Dickinson,  Esq. ;  J.  Greddes,  Bsq. ;  J.  Hartlev. 
Esq. ;  T.  E.  Forster,  Esq. ;  G.  T.  Clark,  Esq. ;  Dr.  J.  Percy;  G.  Elliot, 
Esc  J. ;  and  J.  F.  Campbell,  Esq.  (Secretary). 

At  the  first  meeting  it  was  found  expedient  to  divide  the  inqnizj, 
and  to  apiK)int  committees  to  investigate  separate  subjects ;  thus,  five 
coinmittees  were  chosen,  and  the  results  of  th»r  investigations  are 
given  in  the  general  report  with  which  the  present  volume  com- 
mences, and  they  are  also  (with  the  exception  of  that  by  Committee  £) 
printe<l  in  full  in  the  same.  To  Committee  A,  it  was  given  to  inquire 
iiito  the  possible  depth  of  working  ooal.  Increase  of  temperature 
was  the  only  cause  they  had  to  consider,  as  limiting  the  depths  at 
which  it  may  be  practicable  to  work  coal,  and  they  are  of  opinion 
tliat  a  depth  of  at  least  four  thousand  feet  might  be  reached.  Com- 
]iiittoe  B  report  on  the  waste  in  combustion;  and  they  conclude 
that  as  great  efforts  have  been  made  in  our  manufactures  to  econo- 
mize coal,  it  may  Ije  assumed  that  the  progress  of  economy  in  using 
K^^y.iX  is  not  likely  to  operate  in  future  with  greater  effect  in  keepinj: 
<ln\vn  tlie  increase  of  consumption  than  it  has  hitherto  done.  A> 
re;;:ai\ls  the  consumption  of  coal  for  domestic  pur^x)ses,  its  funiiv 
increase  may  be  expected  to  coincide  with  the  increase  of  the  jwpula- 
tiv)n.  The  waste  in  working  coal  was  investigated  by  Committee  C. 
win)  r(^poi*t  that  coal  is  wasted  b}^  bad  working  and  carelessness  to  a 
viry  considerable  degi*ee  in  proportion  to  the  amount  which  i^ 
aetually  used,  in  some  cases  the  loss  l)eing  forty  per  cent,  Coni- 
mitiee  D  repoit  on  coal  under  the  Permian  and  newer  strata.  Tlie 
(k termination  of  the  extent  of  these  tracts  of  coal  was  assigned — ia 
England,  to  Professm*  Kamsay  and  Mr.  Prestwich ;  in  Scotland,  to 
Prufessur  Geikie ;  and  in  Ireland  to  the  late  Profes8t)r  Jukes,  ami 
afterwards  to  Professor  Hull.  They  give  estimates  of  the  quantities 
(•!'  the  cnal  under  the  newer  formations,  and  which  may  be  looked 
fur  at  a  depth  of  less  than  4000  feet.  They  also  investigated  the 
prnbability  of  the  existence  of  coal  in  the  South  of  England.  Ui»oii 
a  jLTencral  review  of  the  whole  subject,  Mr.  Prestwich  adopts  with 
slight  vtiriations  the  views  of  Mr.  Godwin- Austen,  and  is  led  to  the 
conclusion  that  there  is  the  highest  probability  of  a  large  area  of 
productive  Coal-measures  existing  under  the  Secondary  rocks  of  tlu- 
South  of  Enojland.  He  shows  from  statistics  furnished  bv  Mr.  lirisiow 
that  the  thickness  of  those  overlying  rocks  is  not  likely  to  excee<l 
1000  to  1200  feet,  and  ho  considers  that  thei"o  is  reason  to  infer  that 
the  underground  Coal-basins  may  have  a  length  of  150  uiile.<^.  with  s 
breadth  of  two  to  eight  miles, — limits  within  which  are  confined  tht* 
rich  and  valuable  Coal-measures  of  Belgium. 
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Mr.  Prestwioh  shows  that  there  are  grounds  for  believing  in  the 
ezistenoe  of  ooal  on  the  south  side  of  the  Mendips,  and  under  adjacent 
parts  of  the  Bristol  Channel,  but  at  a  depth  of  not  less  than  1500  to 
2000  feet;  and  he  mentions  also  a  small  new  Coal-basin  in  the 
Severn  valley,  near  New  Passage. 

In  regard  to  the  future  exportation  of  Coal,  Committee  E  report 
that  although  a  large  increase  has  taken  place  sinoe  the  year  1855, 
yet  this  increase  has  merely  averaged  one  per  cent  each  year,  and 
there  is  reason  to  doubt  whether  much  further  increase  will  take 
place  in  this  direction. 

The  large  increase  which  in  recent  years  has  taken  place  in  the 
oonsumption  of  coal  has  an  intimate  connexion  with  the  introduc- 
tion and  extension  of  railways;  moreover  the  town-population,  which 
represents  the  chief  coal -consuming  population,  is  increasing  in  a 
far  more  rapid  ratio  than  the  population  of  the  kingdom  generally ; 
and  the  extension  of  machinery  and  improvements  for  economizing 
labour  cause  the  consumption  of  coal  to  be  constantly  increasing. 

Adopting  four  thousand  feet  as  the  limit  of  practicable  depth  in 
working,  excluding  all  beds  of  coal  less  than  one  foot  in  thickness, 
and  deducting  an  amount  for  the  waste  and  loss  incident  to  working 
the  coal,  it  is  estimated  that  in  known  Coal-fields  in  the  British 
Isles  there  is  an  available  quantity  of  coal  equal  to  90,207  millions 
of  tons,  while  the  coal  which  probably  exists  at  workable  depths 
tinder  the  Permian,  New  Bed  Sandstone,  and  other  superincumbent 
strata  in  the  United  Kingdom,  is  estimated  at  56,273  millions  of 
tons,  making  an  aggregate  quantity  of  146,480  millions  of  tons 
which  may  be  reasonably  expected  to  be  available  for  use.  From 
careful  calculations  respecting  the  duration  of  this  coal,  taking  into 
account  the  increased  consumption,  it  is  estimated  that  this  quantity 
of  coal  would  represent  a  consumption  of  276  years. 

There  is,  however,  a  large  amount  of  coal  excluded  from  these 
estimates,  namely,  that  lying  beneath  Permian  and  newer  strata,  at 
depths  exceeding  4,000  feet.  The  amount  at  depths  from  4,000  to 
10,000  feet  is  estimated  at  41,144  millions  of  tons,  to  which  may  be 
added  7,320  millions  of  tons  at  greater  depths  than  4,000  feet  within 
the  area  of  the  known  Coal-fields,  making  a  total  of  48,465  millions 
of  tons.  It  is  entirely  a  matter  of  conjecture  whether  any  or  what 
portion  of  this  coal  can  ever  be  worked ;  but  the  absolute  exhaustion 
of  coal  is  a  stage  which  will  probably  never  be  reached. 

In  order  to  investigate  the  probable  quantity  of  coal  contained  in 
the  known  Coal-fields  of  the  United  Kingdom,  the  area  was  divided 
into  thirt-een  districts,  which  were  assigned  to  diflferent  members,  or 
to  gentlemen  specially  acquainted  with  the  areas.  Thus,  Mr.  Vivian 
reported  on  the  South  Wales  Mineral  Basin  westward  of  "  Glyn- 
corrwg  Fault,"  and  Mr.  G.  T.  Clark  on  the  eastern  division  of  the 
South  Wales  Coal-field.  Their  reports  are  accompanied  by  elaborate 
tables  showing  the  calculations  of  the  areas  and  quantities  of  coal  in 
the  field. 

Mr.  Dickinson  reported  on  the  quantity  of  coal  remaining  un- 
wrought  in  the  Coal-fields  of  Lancashire,  Cheshire,  North  Wales, 
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and  tbe  Forest  of  Dean ;  and  Mr.  T.  E.  Forster  investigated  the 
Northumberland  and  Cumberland  Coal-fields.  Durham  and  North 
Stafifonlshire  were  reported  on  by  Mr.  6.  Elliott ;  Sonth  Stafford- 
shire, East  Worcestershire  and  Shropshire,  by  Mr.  D.  Jones ;  Yoik- 
shire,  Derbyshire,  Nottinghamshire,  Leicestershire^  and  Warwick- 
shire, by  Mr.  J.  T.  Woodhouse. 

The  most  elaborate  report,  however,  and  that  most  interesting  to 
geologists,  is,  as  might  be  expected,  the  report  on  the  quantities  of 
coal  wrought  and  unwrought  in  the  Coal-fields  of  Somenetshire  and 
part  of  GloucesterHhire,  by  Mr.  Prestwich,  President  of  the  Geo- 
logical Society  of  Liondon.  He  points  out  the  extent  of  the  Coal- 
field, giving  lists  of  the  seams,  and  also  notices  the  minerals  assodateii 
with  them,  the  faults  and  disturbances  by  which  the  beds  are  affectedf 
and  tlie  conditions  under  which  the  coal  is  now  worked. 

It  having  been  arranged  that  the  outcrop  of  each  Coal-seam  should, 
so  for  as  possible,  be  mapped,  this  was  done  by  Mr.  Anstie,  upon 
copies  of  Mr.  Sanders's  excellent  mnp  of  the  Bristol  Coal-field,  and 
the  details  which  he  has  collected  will  form  a  valuable  record  of  the 
workings  and  capabilities  of  these  Coal-fields.  In  Appendices  Mr. 
Prestwich  has  given  sections  of  the  Coal-measures  as  proved  in  the 
collieries  of  Gloucestershire  and  Somerset,  also  lists  of  the  Coal- 
seams,  with  remarks  on  each,  stating  for  what  purpose  used,  \i% 
character  and  quality. 

Tlio  Scotch  Coal-fields  are  somewhat  briefly  treated  by  Mr.  J. 
Gcddes,  and  those  of  Ireland  by  Professor  Hull. 

The  vast  amount  of  practical  infonnation  contained  in  this  tbe 
first  volume  of  the  Report  shows  at  once  the  great  value  of  the 
results  which  have  been  brought  about  by  the  Coal  Commission. 
AVo  leani  that  we  have  an  accessible  supply  of  coal  that  will  last 
about  276  years,  but  after  that  the  coal  that  will  remain  could  never 
be  woiked  except  under  conditions  of  scarcity  and  high  i)nco.  As 
we  approach  this  exhaustion,  the  country  will  by  slow  degrees  low 
the  advantageous  position  it  now  enjoys  in  regard  to  its  coal  supply; 
for  altliougli  other  countries  would  undoubtedly  be  in  a  position  to 
supply  our  deficiencies,  it  may  well  be  doubted  whether  the  mann- 
factiiring  supremacy  of  this  kingdom  c-an  bo  maintiiinod  after  the 
importation  of  coal  has  become  a  necessity. 

This  being  the  opinion  of  the  Commission,  wo  are  led  to  wonder 
that  they  have  not  more  strongly  pointed  out  to  the  Government  tbe 
great  inipurtance  of  settling  the  question  as  to  whether  or  not  there 
is  coal  in  the  Southern  an<l  South-eastern  portion  of  England.'  With 
one  exception,  the  members  arc  of  opinion  that  workable  coal  may 
reasonably  be  looke<l  for  at  certain  points  in  this  area.  The  view  is 
certainly  purely  theoretical ;  it  is  opposed  by  Sir  11. 1.  Murchison,  and 

^  Afr.  Prestwich  remarks,  that  *'  a  few  trials  for  coal  would  not  be  very  costly,  and 
could  hardly  fail  in  important  results,  as  in  case  of  failing  at  once  to  hit  the'Coal- 
incasuros  wc  mi^ht  pos.sihly  find  the  Lower  Groensands,  and  thus  solve  one  or  other 
of  the  j^reat  (juestious, — of  discovering  the  productive  Coal-strata  of  the  Somerset  ami 
IMgian  band,  or  of  ohtaining  the  pure  and  abundant  waters  of  the  Lower  Greensands, 
both  considerations  of  high  importance  for  this  great  metropolis."  (p.  165.) 
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also  by  Professor  Hull  and  Mr.  Bristow,  in  answer  to  qnestions  put 
to  them.  They  consider  that  no  remunerative  coal  can  be  found.  But 
there  are  certain  scientific  grounds  which  lead  to  the  notion  that  coal 
may  be  present ;  and  as  its  importance  cannot  be  overrated,  a  few 
trial  borings,  which  would  definitely  settle  the  question,  would  be 
far  more  valuable  to  the  country  than  a  mass  of  theoretical  evidence, 
which  is  not  likely  to  lead  to  any  practical  result ;  for  but  little  can 
be  expected  from  private  enterprise,  when  the  Government,  after 
spending  something  like  £30,000  in  collecting  the  evidence,  part  of 
which  is  now  published,  should  hesitate  to  spend  a  few  additional 
thousand  pounds  in  settling  these  important  questions. — H.B.W. 


BRITISH  ASSOCIATION,  EDINBUEGH,  August,  1871. 

Bepobt  of  the  Gommitteb,  consisting  of  Henbt  Woodwabd,  F.G.S., 
F.Z.S.,  Dr.  Duncan,  F.R.S.,  and  R.  Ethebidgb,  F.R.S.,  on  the 
Stbuotube  and  Classification  of  the  Fossil  Cbustagea. 

Drawn  up  by  Hbnrt  Woodward,  F.G.8.,  F.Z.S. 

Since. I  had  last  the  honour  to  present  a  Report  on  the  Structure 
and  Classification  of  the  Fossil  Crustacea,  I  have  published  figures 
and  descriptions  of  the  following  species,  namely  : — 

Decapoda-Brachtura. 

1.  Rhachioaoma  bispinoiaj  H.  Woodw.     Lower  Eocene,  Portsmouth. 
2. eehmata,  H.  Woodw.     Lower  Eocene,  Portsmouth. 

3.  Falaocorvttes  glabra^  H.  Woodw.     Lower  Eocene,  Portsmouth. 

All  figured  and  described  in  Qaart.  Joum.  Geol.  Soc.  rol.  xxvii.  p.  90,  pi.  4. 

Dbcapoda-Macrura. 

4.  Seyllaridia  Belliy  H.  Woodw.    London  Clay,  Sheppey.    Gbol.  Mao.,  1870. 
Vol.  VII.,  PI.  22,  Fig.  1,  p.  493. 

Amphipoda. 

6.  Neerogammartu  Salweyi^  H.  Woodw.    Lower  Ludlow,  Leintwardine.   Figured 
and  described  Trans.  Woolhope  Club,  1870,  p.  271,  pi.  11. 

ISOPODA. 

6.  Fakega  CarUri,  H.  Woodw«    Lower  Chalk,  Dorer,  etc.    Geol.  Mao.,  1870, 
Vol.  VII.,  p.  493,  PI.  XXII.,  Fig.  1. 

7.  Fraareturus  gigat^  H.  Woodw.    Old  Red  Sandstone,  Bowlestone,  Hereford- 
shire.   Woolhope  Club  Trans.,  1870,  p.  266. 

Merostomata. 

8.  Euryptertu  Brodiei,  H.  Woodw.    Quart  Joum.  Geol.  8oc.,  1871,  Augxist. 
Woolhope  Club  Trans.,  1870,  p.  276. 

Phtllopoda. 

*9.  Dithyrocaris  tenuiitriatiu^  M*Coy.  Carboniferous  Limestone,  Settle,  Yorkshire. 

10.  Dithyroearis  Belliy  H.  Woodw.    Deyoniao,  Gaspd,  Canada. 

11.  Ceraticearis  LudensiSj  H.  Woodw.    Lower  Ludlow,  Leintwardine. 

12.  CercUiocarit  Oretonemit,  H.  Woodw.  Carboniferous  Limestone,  Orcton, 
Worcestershire. 

13.  Ceratioearis  trtmeatus^  H.  Woodw.  Carboniferous  Limestone,  Oreton, 
Worcestershire. 

Figured  and  described  in  the  Geol.  Mao.,  1871,  Vol.  VIIL,  p.  104,  PI.  III. 

14.  Cyelut  bilobatut^  H.  Woodw.    CarboniferouB  Limestone,  Settle,  Yorkshire. 
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16.  CytlHM  tonmun  H.  Woodw.    Carboniferouf  Limestone.  Little  Uiiid,  Cok. 

16.  jrrighta,  H.  Woodw.    Carlxmiferoafl  Limestone,  Little  IftUnd.  Coik. 

17.  Hari'n§9si,  H.  Woodw.    Carboniferous  Limestone,  Little  Island,  Cort. 

*18.  radimlU,  Phillips.    Carboniferous  Limestone,  Settle,  Yorkshire,  TifCf 

Belgium. 
*19.  Cydu*  Eankiniy  H.  Woodw.    Carboniferous  Limestone,  Carlnke,  Lanariahiic. 

r*20.  ^  ^ron^N iiar/uiiiuj,"DeKoninck.  Carboniferous  Limestone,  Torkshxrc, 

Belgium.] 

21.  Cyelut  JonettannM^  H.  Woodw.  Carboniferous  Limestone,  Little  Islsiid, 
Cork.  (These  latter  figured  and  described  in  the  Gbol.  Mao.,  1870,  VoL  TIIm  Pl- 
XXIII.,  Figs.  1-9.) 

[Those  marked  with  an  asterisk  hare  beei^  already  figured,  but  hare  been  redrawn 
and  redescribed  in  order  to  add  to  or  to  correct  preTious  descriptions.  Thus,  for 
example,  *'  Cydu*  Brongniartiantu**  proTcs  upon  carcfiil  examination  to  be  only  the 
hypostomc  of  a  Trilobite  belonging  to  the  genus  PhiUipHa,  XHtJkyrvevu  tttm- 
ttn'atus  is  identical  with  Avicula  paradaxides  m  De  Eoninck,  etc] 

Since  noticing  the  occurrence  of  an  Isojpod  (Fiaicega  CarUri),  from  the  Kentish, 
Cambridge,  and  Bedford  Chalk,  Dr.  Ford.  Koemer,  of  Breslao,  has  forwarded  me  the 
cast  of  a  specimen  of  the  same  Crustacean  firom  the  Chalk  of  Upper  Silesia.  This, 
together  with  the  example  from  the  Miocene  of  Turin,  gives  a  very  wide  geographical 
as  well  OS  chronological  range  to  this  genus. 

A  still  more  remarkable  extension  of  the  Isopoda  in  time  is  caused  by  the  diseoverr 
of  the  form  which  I  have  named  I*rttaretumi  in  the  Devonian  of  Herefordshire 
apparently  the  remains  of  a  gigantic  Isopod  resembling  the  modem  AreUmu 
Bajintii. 

I  have  also  described  from  the  Lower  Ludlow  a  form  which  I  have  referred  with 
some  doubt  to  the  Amphipoda,  under  the  generic  name  of  Xfcropammarua. 

Representatives  both  of  the  Isopoda  and  Amphipoda  will  doubtless  be  found  in 
numbers  in  our  Palaetozoic  rocks,  seeing  that  Macrouran  Decapods  are  found  as  far 
back  us  the  Coal-measures,^  and  Brachyurous  forms  in  the  Oolites.' 

Indee«l  the  supi^estion  made  bv  Mr.Billinps  as  to  the  Trilobita  being  furniFhed 
with  legs  (see  Quart.  Joum.  Cieol.  Soc.,  vol.  xxvi.,  pi.  21,  fig.  1),  if  established  up^a 
further  evidence,  so  as  to  be  u])p]ied  to  the  whole  class,  would  carr}'  the  Isopoduua 
t)pe  back  in  time  to  our  earliest  Cambrian  rocks. 

I  pruiiose  to  carry  out  an  investigation  of  this  group  for  the  purpose  of  confirming 
Mr.  Billings's  and  my  own  observations,  bv  the  examination  of  a  longer  series  of 
specimens  than  have  hitherto  been  dealt  with.  In  the  mean  time  the  nuthenticitv  of 
the  conclusions  arrived  at  by  Mr.  Billings  having  been  calletl  in  uuestion  by  t)K. 
Dana,  Virrill,  and  Smith  ^see  the  American  Joum.  of  Science  for  May  last,  p.  3-0; 
Annals  and  Mag.  Nat.  Hist,  for  May,  p.  366),  I  have  carefully  considon^  their 
objections,  and  have  replied  to  the  same  in  the  Geological  Magazine  for  July  last, 
p.  289, 1*1.  VIII. ;  and  1  may  be  permitted  here  to  brielly  state  the  arguments  pro  and 
cfttty  sec-ins:  they  are  of  the  greatest  importance  in  settling  the  systematic  position  of 
the  Trilobita  among  the  Crustacea. 

Until  the  discovery  of  the  remains  of  ambulatory  appendages  by  Mr.  Billings  in 
an  As'iphus  from  the'Trentnn  Limrstone  (in  1870),  the  onlv  appendage  heretufore 
detected  associated  with  any  Trilobite  was  the  hypostome  or  iip-ptate. 

From  its  close  agreement  with  the  lip-plate  in  tiie  recient  AptM^  nearly  all  natura- 
lists who  have  paid  attention  to  the  Tnlt>hita  in  the  past  thirty  yeaw  have  con- 
cluded that  they  possfsmtd  only  soft  membranaceous  gill-feet,  similar  to  those  of 
Jiranehipun^  Apnfiy  and  other  IMivllopiMls. 

The  type-numbtT  of  segments  in  Crustacea  is  20  or  21.  In  all  the  higher  form-s  as 
in  the  Decapoda,  Stomapoda,  Isopoda,  etc.,  several  of  these  segments  an>  coalesced 
either  in  the  head,  thorax,  or  abdomen,  so  that  we  never  meet  with  a  Crust^ict-au 
having  21  diHtinctlv-marked  segments  until  we  arrive  at  the  Branchiupoda  and 
riiyllopoda,  many  of  which  have  their  full  number  of  separate  segments. 

In  tne  Trilobita,  a  very  variable  number  of  body-rings  is  met  with,  from  6  even 
to  20  (in  IJarpfJt  MW(7MM,'Sternb.).  so  that  on  that  account  ahme  the  Trilobit;i  must 
be  considered  as  a  much  lower  type  than  the  Isopoda,  in  which  the  body-segment.*  art 
usually  seven  in  number.    There  seems,  however,  no  good  reason  against  the  conclusion 

»  Anfhrapalamon  Oro»sarti\^  Salter,  Coal-me.iMires,  Glasgow. 
V  Palainachwi  lunyipCMy  II.  Woodw.,  Forest  Marble,  Wilts. 
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that  the  Trilobita  were  an  earlier  and  more  generalised  type  of  Gnutacea  from  which 
the  later  and  more  specialized  Isopoda  haye  arisen. 

The  large  compound  sessile  eyes,  and  the  hard,  shelly,  many-s^mented  body,  with 
its  compound  caudal  and  head-shield,  differ  from  any  known  Fhyllopod,  but  offer 
many  points  of  analogy  with  the  modem  Isopods,  and  one  would  be  led  to  nre- 
Buppose  the  Trilobites  possessed  of  organs  of  locomotion  of  a  stronger  texture  tnan 
mere  branchial  frills. 

The  objection  raised  by  Drs.  Dana  and  Yerrill  to  the  special  case  of  appendages  in 
the  Atapnus  assumed  by  Mr.  Billing  to  possess  ambulatory  legs  is,  that  the  said 
ap|)endages  were  merely  the  semiealcified  arches  in  tiie  integument  of  the  sternum  to 
which  the  true  appendages  were  attached. 

A  companson,  which  these  gentlemen  hare  themselves  suggested,  between  the 
abdomen  of  a  Macrouran  Decapod  and  the  Trilobite  in  question,  is  the  best  refuta- 
tion of  their  own  argument. 

The  sternal  asches  in  question  are  firmly  united  to  each  tergal  piece  at  the  margin, 
not  along  the  median  rentral  line.  If,  then,  the  supposed  legs  or  the  Trilobite  cor- 
respond to  these  semiealcified  arches  in  the  Macrouran  Decapod,  they  might  be 
expected  to  lie  irregularly  along  the  median  line,  but  to  unite  with  the  tergal  pieces 
at  the  lateral  border  of  each  somite.  In  the  fossil  we  find  just  the  contrary  is  the 
case ;  for  the  organs  in  question  occupy  a  definite  position  on  either  side  of  a  median 
line  along  the  rentral  surface,  but  diverge  widely  from  their  corresponding  t«r^ 
piecM  at  each  lateral  border,  beine  directed  forward  and  outward  in  a  very  similar 
position  to  that  in  which  we  should  expect  legs  {not  ttemal  archss)  to  lie  beneath  the 
t>ody-ring8  of  a  fossil  crustacean.  Tne  presence,  howeyer,  of  semiealcified  sternal 
arches  nresupposes  the  possession  of  stronger  organs  than  mere  foliaceous  gilUfoct ; 
whilst  the  broad  shield-shaped  caudal  plate  suggests  most  stronely  the  position  of  the 
branchie.  In  the  ease  of  the  Trenton  Asapkua  I  shall  be  satisfied  if  it  appears,  from 
the  arguments  I  have  put  forward,  that  they  are  ntott  probably  legs — feehng  assured 
that  more  evidence  ought  to  be  demanded,  before  deciding  on  the  systematic  position 
of  so  large  a  group  as  the  Trilobita  from  only  two  specimens.^ 

With  regard  to  the  embryology  and  development  of  the  modem  King-Crab 
{Ximului  polyph<Bmua)y  we  must  await  the  conclusions  of  Dr.  Anton  Dohrn  before 
deciding  as  to  the  afiSnities  presented  by  its  larval  stages  to  certain  of  the  Trilobita, 
such  relations  being  only  in  general  external  form.  Dr.  Packard  (Reports  of  the 
American  Association  for  the  Advancement  of  Science,  August,  1870)  remarks,  "The 
whole  embryo  bears  a  very  near  resemblance  to  certain  genera  of  Trilobites,  as 
Trinueleusj  Asaphuty  and  others;"  and  he  adds,  ** previous  to  hatohing  it  strikingly 
resembles  Trinueleus  and  other  Trilobites,  suggesting  that  the  two  groups  should,  on 
embryonic  and  straetural  grounds,  be  included  in  the  same  order,  especially  now  that 
Mr.  £.  Billings  has  demonstrated  that  Aeaphut  possessed  eight  pairs  of  nve-jointed 
legs  of  uniform  size." 

Such  statements  are  apt  to  mislead,  unless  we  carefully  compare  the  characters  of 
each  group.  And  first  let  me  express  a  caution  against  tbe  too  hasty  constmction  of 
a  classification  based  upon  larval  characters. 

Larval  characters  are  useful  guide-posts  in  defining  great  groups,  and  also  in  indi- 
cating affinities  between  ^reat  groups;  but  the  more  we  become  acquainted  with 
larval  forms  the  greater  will  be  our  tendency  (if  we  attempt  to  base  our  classification 
on  their  study)  to  merge  groups  toother  whicn  we  had  before  held  to  be  distinct. 

To  teke  a  familiar  instance :  if  we  compare  the  larval  stages  of  the  Common 
Shore-Crab  {Carcinw  nuBnas)  with  Fterygotut,  we  should  be  ooliged  (according  to 
the  arguments  of  Dr.  Packara)  to  place  them  near  to  or  in  the  same  group. 

The  eyes  in  both  arc  sessile,  the  functions  of  locomotion,  prehension,  and  mastica- 
tion are  all  performed  by  one  set  of  appendages,  which  are  attached  to  the  mouth  ; 
the  abdominal  segments  in  both  are  natatory,  but  destitute  of  any  appendages. 

Such  characters,  however,  are  common  to  the  larvae  of  many  Crustaceans  widely 
separated  when  adult,  the  fact  being  that  in  the  larval  stage  we  find  in  this  group, 
what  has  been  so  often  observed  by  naturalists  in  other  groups  of  the  animal  kingdom, 
namely,  a  shadowing  forth  in  the  larval  steges  of  the  road  along  which  its  ancestors 
travelled  ere  they  arrived  from  the  remote  past  at  the  living  present. 

If  we  place  the  characters  of  Limultu  and  Pterygotuty  side  by  side,  and  also  those 

1  One  in  CaaaiiU,  and  one  in  the  British  Museum,  both  of  the  same  s^eicleib. 
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of  Trilobita  and  iBopoda,  we  ihall  find  thej  may  be,  in  the  preeent  itate  of  our 
knowledge,  so  retained  in  classification. 


I. 


II, 


Zimulfu  (Fossil,  and  liTing). 

1.  Eyes  sessile,  oompoimd. 

2.  Ocelli  distinctly  seen. 

3.  All  the  limbs  serving  as  moBth-oigtoi. 

4.  All  the  thoracic  segments  bearing  the 
branchiae  or  reprodnctiTe  oigani. 

6.  Other  segments  destitute  of  any  ap- 
pendages. 

6.  Thoracic  segments  a»»ekyla»ed. 

7.  Abdominal  segments  ameMyloi§d  md 
ntdttnentary. 

8.  Metastoma,  rudimentary. 

laopoda  (Fossil,  and  liring). 

1.  Eyes  sessile,  compound. 

2.  No  ocelli  Tisible. 

3.  Appcndsges  partly  oral,  partly  ambo* 
iator}[,  arranged  in  pairs. 

4.  Thoracic  segments  utuaUy  ttrem^  firee 
and  morable  (animal  sometimfli 
rolling  in  a  ball). 

6.  Abdominal  somites  coalesced,  formiog 
broad  caudal  shield,  bearing  the 
branchisB  beneath. 

6.  Lip-plate,  tmail. 

Should  our  further  researches  confirm  Mr.  Billings's  discovery  fully,  we  may  propose 
for  the  second  pair  of  these  groups  a  common  designation  (as  in  the  case  of  the 
Merostoraata) ;  meantime,  the  above  may  serve  as  representing  the  present  state  of 
our  knowledge. 


Pterygotut  (Fossil,  extinct). 

1.  Eyes  sessile,  compound. 

2.  Ocelli  distinctly  seen. 

3.  All  the  limbs  senring  as  mouth-organs 

4.  Anterior  thoracic  segments  bearing 

branchiae  or  reproductiye  organs. 

5.  Other  segments  destitute  of  any  ap- 

pendages. 

6.  Thoracic  segments  unanehyloned. 

7.  Abdominal  segments  free   and  well 

developed. 

8.  Metastoma,  large. 

Trilobita  (Fossil,  extinct). 

1.  Eyes  sessile,  compound. 

2.  No  oc<»lli  yisible. 

3.  (Appendages  partly  oral,  partly  ambu- 

latory, arranged  m  pairs). 

4.  Thoracic  segments  variable  in  numberj 

from  6  even  to  26,  free  and  morable 

(animal  sometimes  rolling  in  a  ball). 
Abdominal  somites  coalesced  forming 

broad  caudal  shield    (bearing   the 

branchiae  beneath). 
Lip-plate,  well  developed. 


6. 


6. 


C0I^I^ESI^03s^DE]N■CE- 


rORTLAND   WOOD,   ON   THE    COAST   OF   SUSSEX.— REPLY    TO 

MR.    PERCEVAL. 

Sib, — I  know  the  Portland  beds  in  the  Dorsetshire  district  pretty 
well,  and,  as  far  as  1  am  aware,  the  Tisbury  Isastraa  does  not  occur 
there  at  the  present  day.  But,  considering  that  there  are  fragmen- 
tary patches  of  Portland  beds  fringing  the  coast  for  a  considerable 
distance  in  Dorsetshire,  it  is  highly  probable  that,  in  not  verj'  dL»tant 
times,  there  was  a  considerable  area  occupied  by  them  tliero ;  as. 
indeed,  there  probably  now  is  beneath  the  Channel.  Tlie  Portland 
beds  vary  in  character  rather  rapidly  at  places  not  far  from  one 
another,  so  that  the  non-occurrence  of  a  particular  fossil  in  those 
now  visible,  need  not  lead  us  to  conclude  that  it  may  not  have  oc- 
curred not  very  far  off  in  former  times. 

I  would,  however,  recommend  Mr.  Perceval  to  obtain  an  accurate 
determination  of  his  fossil,  so  as  to  be  sure  of  its  specific  identity. 

That  erratics  from  the  Portland  beds  have  found  their  way  into 
Sussex,  1  believe  to  be  a  fact ;  for  I  saw  in  1866  a  block  of  indubi- 
table Portland  fossil  wood  at  Selsey,  in  the  garden  of  Mrs.  Pul- 
linger.     I  was  informed  that  it  had  been  found  on  the  beach  at  that 
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part  of  the  Bhore  oalled  "  The  Park."  It  had  been  desoribed  to  me 
aa  a  petrified  pieoe  of  wood  from  the  snbmarine  forest,  which  occurs 
along  the  ooast;  and  my  curiosity  was  raised,  knowing  that  such 
wood  was  never  petrified.  I  think  the  story  was  true,  and  certainly 
not  improbable,  because  there  can  be  little  doubt  that  the  numerous 
glacial  erratics  of  that  coast  have  travelled  up  the  Channel  from  the 
direction  of  the  Channel  Islands.  And  it  is  quite  likely  that  a  block 
of  silicified  wood  from  Portland,  almost  as  indestructible  as  any 
igneous  rock  among  them,  may  have  come  in  the  same  manner  and 
&om  the  same  direction.  The  block  was  eighteen  inches  long  and 
ten  inches  in  diameter. 
Ha&lton,  Cambridge.  0.  FiSHER. 

LOCAL   MUSEUMS. 

Sib, — I  am  glad  to  see  in  your  October  number  a  letter  from 
F.  O.  S.  advocating  the  formation  of  local  museums.  Nothing  could 
prove  a  greater  assistance  to  the  student  in  any  branch  of  Natural 
History  than  to  find  in  each  town  a  series  of  specimens  arranged  so 
as  to  show  the  various  products  of  the  neighbourhood ;  but  'the  chief 
difficulty  which  stands  in  the  way  of  provincial  museums  is  the  un- 
certainty of  their  tenure.  There  is  usually  no  dearth  of  specimens 
flowing  in  from  all  quarters  when  once  a  museum  is  set  on  foot, 
but  money  must  also  be  forthcoming  for  cases ;  rent  has  probably  to 
be  paid  for  a  room  to  contain  them,  and  somebody  must  necessarily 
be  employed  to  look  after  the  room,  keep  the  cases  dusted,  and  un- 
lock the  door  for  visitors.  Under  these  conditions,  it  will,  unfor- 
tunately, too  often  be  found  that  local  ardour  becomes  cooled,  the 
sixpence  or  shilling  from  the  stray  visitor  will  very  speedily  be  in- 
sufficient to  pay  for  the  dusting,  the  room  is  closed,  and  the  neglected 
contents  are  either  dispersed  or  thrown  aside  as  useless  lumber. 

In  a  little  work  entitled  ''Hints  on  Local  Museums,  by  the 
Treasurer  of  the  Wimbledon  Museum  Committee,"  ^  as  well  as  in  a 
paper  published  in  Chambers's  Journal'^  on  provincial  museums, 
F.  G.  S.  will  find  some  most  valuable  suggestions  for  their  esta- 
blishment and  arrangement ;  but,  at  the  same  time,  it  is  as  well  to 
bear  in  mind  that  in  default  of  local  collections,  a  great  deal  of  good 
can  be  done  by  means  of  local  catalogues.  Let  each  member  of  a 
Naturalists*  Club  undertake  whatever  branch  of  Natural  History  he  is 
best  acquainted  with,  and  compile  a  list  of  the  species  occurring  in 
his  own  neighbourhood, — one  might  catalogue  the  fossils,  giving  the 
names  of  characteristic  species  found  in  each  quarry ;  another  might 
devote  himself  to  the  minerals,  and  others  would  take  in  hand  the 
Botanical  and  Zoological  departments.  Thus,  by  a  well-organized 
division  of  labour,  an  immense  amount  of  valuable  information  would 
be  accumulated,  and  the  result  would  be  a  record  of  the  distribution 
of  species  throughout  the  country,  more  lasting  perhaps,  though  less 
attractive,  than  that  afforded  by  many  a  local  museum. 

PiLION,  Bahnbtaplb,  October  10,  1871.  TOWNSHBND   M.    HaLL. 

^  R.  Hardwicke,  London.    Price  It.  *  April  7>  1866. 
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Prot.  Owin  during  a  recent  visit  to  Brighton,  called  on  the  Mayor, 
Mr.  Alderman  Webb,  and  left  a  letter  for  his  worship,  on  the  de- 
sirability of  taking  steps  for  forming  a  coUection  or  aeries  of  the 
Wealden  Fossils  of  Sussex,  corresponding,  as  far  as  time  and  meant 
might  permit,  with  the  illustrations  of  the  Ohalk-beds  which  the 
LcHsal  Museum  owes  to  the  liberality  of  Mr.  Willett  Not  having 
been  fortunate  to  meet  with  the  Mayor,  the  Professor  called,  on  Mr. 
Cordy  Burrowes,  to  whose  active  public  spirit  Brighton  is  much  in- 
debted. The  worthy  Alderman,  who  will  probably  hold  the  offioe 
of  Mayor  during  the  meeting  of  the  British  Association,  entered 
warmly  into  the  views  of  his  visitor,  and  pledged  himself  to  promote 
their  realization  to  the  extent  of  his  influence. 


RIVER   TERRACES,  ETC. 

Sib, — I  certainly  did  not  understand  that  Colonel  Greenwood  was 
speaking  solely  of  terraces  in  closed  valleys.  This,  it  appears  to  me, 
was  by  no  means  clearly  brought  out  in  his  first  letter.  With  re- 
gard to  these  I  can  only  say  that,  owing  to  the  general  correspoiidenoe 
between  all  these  terraces  that  I  have  seen  and  those  in  the  open 
valleys,  it  seems  more  natural  to  refer  both  to  the  same  cause,  viz., 
the  action  of  water  in  motion  upon  detritus  that  has  been  mainly 
deposited  in  water  comparatively  at  rest,  and  this,  if  your  summary 
be  correct,  seems  to  be  Professor  Kjerulfs  opinion.  Doubtless  a 
delta  may  be  elevated  by  floods,  but  as  a  rule  the  amount  thus 
gained  would  be  small  compared  with  the  mass  deposited  under 
the  permanent  water  level.  1  should  regard  the  inland  terraces  to 
bo  remains  of  deltas,  either  deposited  in  fjords  during  a  |>eriod  of  de- 
pression, or  in  lakes  which  have  been  first  more  or  less  filled  up,  then 
re-excavated.  In  order  to  explain  this.  I  do  not  think  it  necessary 
to  hurst  any  barriers,  or  call  in  other  agencies  to  remove  them  than 
"  rain  and  rivers "  acting  upon  rocks  liable  to  erosion.  In  thus 
venturing  to  differ  from  Colonel  Greenwood,  I  would  not  be  thought 
forgetful  of  the  great  services  he  has  rendered  to  geologists  by  his 
careful  observation  of  meteoric  agents  and  their  work  in  nature. 

T.    G.    BONNEY. 

St.  John's  College,  Cambridge. 

ERRATA    IN    THE    PAPER.  *' ON    THE    SYSTEMATIC    POSITION    OF 

SIVATHERIUM  (xIGAXTEUMr 

Sir, — In  my  communication  on  this  su])ject  in  the  October  number 
of  this  Journal,  1  have  observed  two  errors,  which  I  feel  it  my  duty 
to  correct,  injustice  to  the  individuals  concerned.  At  page  440,  re- 
ference is  made  to  Dr.  Can  field's  **  concise  paper  on  the  manner  of 
shedding  and  the  nature  of  the  Prongbuck's  horns."  This  author  has 
given  some  account  of  these,  but  to  Mr.  A.  D.  Bartlett,  Suj)erin- 
tendent  of  the  Zoological  Society's  Gardens,  the  honour  of  the  first 
accurate    history   is   due    {vide   P.Z.S.    1865,   p.    720).*     I    might 

*  This  Rubstitution  of  Dr.  CnntieUl's  name  lor  that  of  Mr.  Bartlutt  arose  from  Dr. 
urie  having  accidentally  quired  the  wron^  year  of  the  Proceedings — namely,  1866, 
^"^"^  Dr.  Canfield'B  {mt  Mr.  liartlett's)  paper  is  published. — Edit.  Geol.  Mao. 


CarreyHmdekce^^Dr.  Murie.  527 

fhrther  have  allnded  to  some  remarks  on  the  same  subject  made  by 
Br.  Marsh  in  a  letter  to  Dr.  Piokermg,  1841  (see  U.  S.  Expedition, 
nngalata,  p.  63),  also  Weiland  (Zool.  Garten.  1863,  p.  255),  and 
Martin  (Die  Hombildmig  bei  der  Mozama  Antilope,  ibidy  1864, 
p.  254),  but  my  former  colleague  Mr.  Bartlett*s  observations  are 
by  far  the  most  conclusive  and  accurate.  Dr.  Oray  (Ann.  and  Mag. 
Nat  Hist  1866,  p.  326)  has  given  a  fair  summary  of  the  distinction 
of  structure,  etc.  of  the  several  kinds  of  ruminant's  horns,  which  I 
may  call  attention  to  without  saying  more  on  the  subject 

At  p.  447,  instead  of  ''Waterhouse  and  Hawkins,"  read  "and 
WfUerhouae- Hawkins '/'  the  same  gentleman  who  produced  the 
wonderful  restorations  at  the  Crystal  Palace ;  the  "  and  "  has  been 
accidentally  transposed.  Jamis  Mubie. 

Bbthnal  Houbb,  Ci.MBErDOE  Road,  £. 

GLACIAL  DRIFT  AT  FINCHLEY. 

Mr,  H.  Walker  (of  No.  100,  Fleet-street,  E.C.),  addressing  the 
Daily  News,  October  23rd,  writes  : — "  Not  a  few  Londoners  have  made 
a  pilgrimage  to  Muswell  Hill  during  the  last  fifteen  years  to  see  for 
themselves  some  tangible  relics  of  the  great  climatic  episode  known 
as  the  Olacial  period  which  the  place  is  said  to  exhibit,  but  to  their 
disappointment  they  have  found  the  gravel-pits  filled  up.  They 
may  now  indemnify  themselves  by  a  trip  to  Finchley  Station  on  the 
Highgate  and  Edgware  Railway,  where  the  Boulder-clay  is  now 
being  revealed  in  a  section  nearly  30  feet  deep.  The  clay  seems  to 
have  a  maximum  thickness  of  9  feet,  and  is  rich  in  fossils  drifted 
hither  from  the  Liassic,  Oolitic,  and  Chalk  formations  of  the  north. 
The  railway  works  are  those  of  the  branch  line  to  Bamet.  Am- 
monites are  found  in  great  variety  and  abundance."  We  will  only 
add  to  this  the  additional  piece  of  information,  that  there  exists  in 
the  possession  of  N.  T.  Wetherell,  Esq.,  F.G.S.,  of  Highgate,  the 
most  interesting  and  extensive  series  of  Boulder-clay  fossils  from  the 
Drift  of  Muswell  Hill,  that  have  probably  ever  been  assembled  by 
any  collector  from  any  one  locality,  save  perhaps  that  made  by  the 
late  John  Brown,  Esq.,  F.Q.S.,  in  the  vicinity  of  Stanway,  Essex. 


:M:iscEiiii-A.3srDEiOTJS. 

Pbofsssob  Moeris,  F.G.S.,  of  University  College,  London. — By 
a  grace  of  the  Senate  of  the  University  of  Cambridge,  the  venerable 
Professor  Sedgwick  (who  for  upwards  of  fifty  years  has  occupied  the 
Chair  of  G^eology)  has  named  Professor  John  Morris,  F.G.S.,  as  the 
Deputy  Woodwardian  Professor  to  deliver  the  usual  course  of  lectures 
on  (Jeology  for  the  present  session,  and  his  choice  has  received  the 
approval  of  the  Vice-Chancellor  and  Syndics  of  the  University. 
Professor  Morris  will  continue  to  lecture  aa  usual  at  University 
College,  London.  He  delivered  his  first  lecture  at  Cambridge  on 
October  23rd. 

Db.  H.  Alleynb  Nicholson,  M.B.,  F.G.S.,  formerly  of  Edinburgh, 
and  author  of  numerous  geological  papers  and  text-books,  has  been 
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recently  appointed  to  the  ProfessoTBhip  of  Natural  History  and 
Botanv  in  the  University  of  Toronto,  Canada. 

EviDKSICS    OF    TbUK   COAI.-MKASrRKS    19    DiBCO     ISLAKD,    NoBTH 

Grk£Xla5D.  —  Dr.  Bobert  Brown,  of  Edinburgh,  has  kindly  sent 
us  an  extract  from  a  letter  he  has  received  from  his  friend  Mr. 
District-Suigeon  C.  G.  F.  Pfaff.  dated  Jakobshavn,  North  Green- 
land, 8th  August,  1871.  It  announces  the  discovery  of  a  SigiUaria 
in  a  river  on  the  eastern  coast  of  Disco,  close  to  the  inhabited  place 
Ugarasusuk  (or  TTcarasuksumitok),  he  also  found  several  boulders  of 
hard  Sandstone  which  contained  fossil  ferns,  which  may  be  older 
than  Tertiary.  As  Mr.  Pfaff  had  no  books  he  speaks  cautiously. 
The  SigiUaria,  it  seems,  was  not  tn  situ  any  more  than  the  Ferns,  but 
if  it  be  a  true  SigiUaria,  it  is  a  most  interesting  discovery.  True 
Coal-plants  have  been  already  determined  from  Melville  Island  in 
latitude  75^  (Captain  Parry's  expedition).  See  Lyell's  **  Principles," 
voL  i.,  p.  225,  tenth  edition. 

To  London  Gboloqists,  FiELi>-XATrRALisTB,  axd  MiCBoecopifiTs. — Memben 
of  Microscopical  Clubs  (the  Quekett,  Old  Chan^  South  London,  Forest  Hill  and 
Crovdon),  the  Geologists*  Awociation.  the  North- London  Naturalists',  Working  Men's 
College.  Working  Men's  Clubs,  and  the  unprofessional  botanists,  microseopists,  and 
geologrista  of  London  generally.  Prizes  for  com^tition  in  Botany,  MicroscopT,  and 
Geology.  By  the  kindness  of  sereral  distinguished  friends  of  the  Saturday  half 
holiday  in  London,  the  sum  of  thirtr  guineas  is  proposed  to  be  offered  for  competition 
to  London  field-naturalists  and  microsoopists,  for  the  encouragement  of  Saturday 
afternoon  field  excursions  for  botanical,  geological,  and  microscopical  purposes.  JLa 
Grace  the  Duchess  of  Sutherland,  the  Countess  of  Ducie,  and  the  Most  Noble  the 
Marquis  of  Westminster,  btlifvin;^  that  the  proposal  would  tend  to  popularize  pleasant 
and  ifistructive  recreation  on  the  .Saturday  at^omoon,  and  commend  the  Saturda? 
half  holiday  in  departments  of  business  where  this  weekly  bi>on  is  greatly  m>edc<{, 
have  kindly  entrusted  the  Committee  of  the  Early-Closing  Association  with  a  fund  for 
this  purpose. 

The  following  are  the  prizes  and  the  subjects  proposed  for  competition  : — 

I.  The  Duchess  of  Sutherland's  prize  of  ten  guineas,  for  botanists  :    £.5  5*.  for  the 
best  c<41ection  of  mosses,  including  the  Hepaticje.  obtained  within  20  miles  of  Tendon; 
£3  3».  tor  the  second  best  collection ;  £2  2*.  for  the  third  best  collection.     Adjudi- 
cator, Dr.  Braithwaite,  F.L.S. 

II.  The  Countess  of  Ducie's  Prize  of  Ten  Guineas,  for  Microscopists.  £')  os.  for 
the  best  List  of  the  Ponds  and  other  aquatic  resorts,  within  fifteen  miles  of  London, 

and  the  .Microz(»a  found  in  them,  in  the  twelve  months  between 1871, 

and 1872,  giving  the  locality  of  Pond,  the  date  of  the  visit,  and  thestat* 

of  the  weather  at  the  time.  £3  3«.  for  the  second  best  ditto  ;  £2  2».  for  the  third 
ditto.     T«»tal,  £10  10«. 

III.  The  Marquis  of  Westminster's  Prize  of  Ten  Guineas,  for  Geologists.  £5  5«. 
for  the  best  List  of  open  Geological  Sections  and  Exposures  of  the  Strata  of  the  London 
district,  giving  the  Fossil  Species  found  at  each  Stction  (in  the  onler  of  their  abun- 
dance), and  the  characteristic  species  of  each  fonnation  exposed.  Note.--As  the 
object  is  to  obtiiiu  information  for  the  purp»»se  of  field  excursions,  the  si ci ions  given 
must  be  such  as  are  now  open,  and  likely  to  continue  open  for  S(?veral  years, «-. y..  Chalk- 
pits, Gravel-pits,  Sand-pits,  Clay-pits,  Railway  sections,  and  similar  ex-.avations. 
The  Natural  Exposures  given  should  also  bo  accessible  for  at  least  the  next  few  years. 
£6  6s.  for  the  best  Notes  on  and  Instances  of  the  Connexion  of  the  Landsca])e  Scenery 
of  the  London  district  with  its  Geology.     Adjudicator,  Professor  Morris,  F.Ci.S. 

The  papttrs  on  (Jeology  and  Microscopy  (Subjects  II.  and  111.)  must  m»t  in  any 
instance  exceed  in  length  two  columns  of  the  7V//<r,v  newspaper  Parlianjentarv  D»bate?. 
Professifmal  Collectors  and  Dealers  are  exiliuhd  from  the  competition.  The  Prizes 
are  intended  exclusively  for  thoN?  with  whom  Natural  History  pur>uits  are  solely 
the  recreation  of  their  h?isuio  after- business  hours. 

.y-Clohino  Associatio.n,  henry  WALKER,  Secretary, 

»00,  Flbet  Sthket,  E.C,  October,  1871, 
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L ^NOTBB    OK    THK    OeNUS    FbANEROPLEURON     (HuXLEY),     WITH    A 

Dksobiption  of  a  New  Species  from  the  Caeboniferous 
fobmatioh. 

By  RiifSAT  H.  Tbaquair,  M.D., 
Profeasor  of  Zoology  in  the  Royal  College  of  Science,  Dublin. 

(PLATE  XIV.) 

fJlHE  genns  Phaneropleuron  was  instituted  by  Professor  Huxley,  in 
J.  1869,*  for  the  reception  of  that  singular  fish  P.  Andersoniy  from 
the  Upper  Devonian  Yellow  Sandstone  of  Dura  Den,  in  Fifeshire, 
which  species  was  also  subsequently  described  by  him  in  the  tenth 
Decade  of  the  Geological  Survey,  published  in  1861.  In  the  present 
oommunication  I  have  to  add  a  second  species,  from  the  Lower 
Carboniferous  strata  (Burdiehouse  Limestone)  of  Edinburghshire, 
by  which  our  knowledge  of  the  genus  is  thus  certainly  carried  a 
ttege  further  upwards  in  the  geological  series. 

Before,  however,  proceeding  to  the  special  description  of  the 
Oarboniferous  form,  I  have  a  few  notes  to  contribute  regarding  the 
general  characters  of  Phaneropleuron,  as  shown  in  the  first  described 
gpedes,  the  results  of  a  careful  examination  of  the  specimens  in  the 
8t  Andrew's  Museum,  obtained  subsequently  to  the  publication  of 
Professor  Huxley*s  descriptions.  I  liave  also  enjoyed  the  oppor- 
tnnity  of  comparing  these  results  with  the  appearances  exhibited  in 
the  suite  of  specimens  in  the  British  Museum,  and  in  the  Museum  of 
Practical  G^eology  in  Jermyn  Street. 

Ab  Professor  Uuxley  has  pointed  out,  in  his  excellent  and  concise 
deBcriptions  above  referred  to,  Phaneropleuron  Andersoni  is  remark- 
able for  its  thin  circular  overlapping  scales,  for  its  persistent  noto- 
ohord,  but  well  ossified  neural  and  hsemal  arches,  spines,  and  median 
fin-supports,  and  for  the  great  length  and  prominence  of  the  ribs, 
which  shine  so  conspicuously  through  the  thin  external  covering  of 
scales.  The  ventral,  and  most  probably  also  the  pectoral  fins,  are 
acutely  lobate,  with  a  central  scaly  axis  fringed  with  rays  on  both 
sides,  as  in  the  recent  Ceratodus  Forsteri,  the  extinct  Holoptychiui, 
etc.,  and  there  is  a  distinct  narrow  anal  fin  in  ixont  of  the  lower  lobe 

^  In  Andenon'8  **  Dura  Den,  a  Monograph  of  the  YeUow  Sandstone."  Edinburgh, 
1S59. 
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of  the  caudal.  The  dorsal  fin  commences  low  in  front,  but  becomes 
deep  and  broad,  as  the  form  of  the  body  narrows  towards  the  tail 
As  regards  the  form  of  the  tail,  and  the  relations  and  configuration 
of  the  dorsal  fin  behind,  Professor  Huxley's  views,  at  the  time  he 
wrote  his  descriptions,  were,  that  the  dorial  termiilated  posteriori; 
in  an  almost  vertically  truncated  extremity,  beyond  which  the  not(>> 
chord  was  continued  for  some  distance.  The  upper  lobe  of  the 
caudal  seemed  to  be  obsolete,  while,  on  the  other  hand,  he  could 
trace  the  lower  lobe,  commencing  immediately  behind  the  anal,  to 
near  the  extreme  end  of  the  body.^  Subsequently  obtained  material, 
however,  shows  that  the  appearances  which  justified  so  eminent  a 
paleeontologist  in  adopting  the  above-mentioned  views  were  due  to 
defective  preservation  of  the  specimens  at  his  disposal,  and  that  the 
dorsal  fin  was,  as  in  the  recent  Lepidosiren  and  Ceratodus,  continued, 
as  a  dorso-caudaly  to  the  very  extremity  of  the  body,  which  con- 
dition I  have  endeavoured  to  express  in  the  subjoined  woodcut,  re- 
presenting a  restored  outline  of  the  fish.     I  may  mention  that  Prof. 


Restored  outline  of  Phaneropkurofi  Andersoni. 

Huxley  has  expressed  to  me  his  entire  concurrence  in  this  view. 
The  tail  of  Fhaneroplevron  is,  then,  beautifully  diphycercal,  a  slight 
tendency  to  the  heterocercal  form  being,  however,  shown  by  a  very 
constant,  though  slight,  upward  curvature  of  the  caudal  extremity  of 
the  body. 

I  am  also  in  a  position  to  give  a  few  additional  details  regarding 
the  structure  of  the  head,  though  unfortunately  our  knowledge  on 
tliis  point  still  remains  very  imperfect.  In  general  configuration 
the  head  must  have  resembled  much  that  of  Ceratodus  Por»teriy 
being  considerably  flattened  above,  while  the  high  occipital  region 
slopes  off  downwards  and  forwards  to  the  bluntly -pointed  muzzle. 
Internally,  the  omnium  seems  to  have  been  very  extensively  carti- 
laginous, as  I  have  seen  no  trace  of  any  ossifications  of  its  base  or 
side- walls,  but  above  it  was  protected  by  a  buckler  formed  of  a 
great  many  osseous  plates  firmly  articulated  together  by  suture, 
though  none  of  the  specimens  I  have  seen  are  sufficiently  jjerfect  to 
enable  one  to  map  out  completely  their  number  and  arrangement 
However,  in  two  of  the  specimens  in  the  St.  Andrew's  Museum, 
three  plates,  one  median  and  two  lateral,  may  be  very  distinctly 
made  out,  forming  the  posterior  or  nuchal  margin  of  the  ciimial 
shield,  and  corresponding  to  the  three  similar  plates  in  Glyptofcernvs. 
In  front  of  the  me<]ian  ])late  are  two  elongated  j)arte/a/«,  while  on 
each  side  of  it,  and  articulating  also  with  the  posterior  external 

'  Mem.  Geol.  Survey,  Decade  X.,  ^.  \^.    Mao  vel  lavdenon's  "  Dura  Den,"  p.  67. 
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igle  of  tbe  corresponding  parietal,  is  another  pretty  large  bony 
eoe  {aqtiamoaal  ?).  Between  the  latter  and  the  external  margin  of 
e  buckler  is  a  row  of  smaller  plates,  of  which  three  are  evident 
LOUgh ;  but  in  no  specimen  I  have  seen,  can  the  arrangement  of  the 
ates  in  front  of  those  described  be  definitely  made  out,  nor  can  I 
tile  the  question  as  to  the  position  of  the  nasal  openings.  I  have 
en  no  hyomandibular ;  but  in  two  specimens,  one  in  St  Andrews, 
le  other  in  tbe  British  Museum,  a  stout  palato-pterygoid  may  be  seen 

extend  from  near  the  articular  extremity  of  the  lower  jaw  forwards 
wards  tbe  snout:  posteriorly,  the  surface  of  this  bony  lamina  slopes 
awards  and  inwards,  but  in  front  it  becomes  nearly  horizontal,  and 
lere  it  is  seen  to  be  armed  on  its  oral  surface  with  numerous  conical 
etb.  The  form  of  the  maxillary  and  premaxiUary  bones  is  not 
^terminable,  but  the  upper  margin  of  the  mouth  was  evidently 
>rdered  by  dentigerous  bones,  the  teeth  being  as  described  by 
rofessor  Huxley,  in  one  row,  short,  conical,  and  pointed.  The 
(wer  jaw  is  stout,,  composed  evidently  of  several  pieces,  and  close 
'  the  symphysis  the  ramus  makes  a  pretty  sharp  bend  horizontally 
Lwards  to  meet  ita  fellow.  It  is  armed  also  witb  pointed  teeth, 
1  especially  large  one  being  seen  at  the  symphyseal  angle  referred 
>.  The  (^erculum  is  very  large,  rounded  posteriorly  and  inferiorly, 
it  with  nearly  straight  superior  and  anterior  margins ;  below  it  over- 
ps  an  antero-posteriorly  elongated,  somewhat  ovate  suhoperculum, 
Dt  before  noticed.  There  is  no  trace  of  any  preopercidum.  The  orbit 
lems  to  have  been  situated  rather  far  back ;  a  curved  bony  plate  is 
len  on  the  cheek,  separating  it  from  the  operculum,  and  bounding 

below  and  behind.  Regarding  the  under  surface  of  the  head,  I 
ive  nothing  to  add  to  Professor  Huxley's  description,  not  having 
)en  any  better  specimen  than  that  in  the  British  Museum,  to  which 
3  refers,  and  which  certainly  shows  that  the  space  between  the 
oni  of  the  lower  jaw  was  occupied  by  bony  plates,,  whatever  their 
amber  might  have  been.  Of  the  bones  of  the  shoulder-girdle  I 
we  only  seen  two,  viz.,  a  well-marked  clamcU,  and  at  least  one 
\pra'davicuLar  proceeding  from  it  towards  the  occipital  region  of  the 
culL 

ThaneropLeuron  Andersoni  (Huxley),  towards  the  knowledge  of 
hose  structure  I  have  contributed  the  above  unfortunately  only  too 
aperfect  notes,  was  bitherto  tbe  only  species  of  the  genus  described, 
id  the  genus  was  known  only  from  the  Devonian  beds  of  Dura  Den. 
jme  time  ago,  however,  while  looking  through  the  Carboniferous 
ihes  in  the  collection  of  the  late  Mr.  Hugh  Miller,  my  attention 
as  directed  by  Mr.  C.  W.  Peach,  who  was  with  me  on  that  occasion, 
)  certain  un-named  specimens,  which  he  had  already  recognized  as 
donging  to  the  genus  in  question,  and  which  now  gave  undoubted 
ridence  of  its  continuation  upwards  into,  at  least,  the  lower  portion 
■  the  Carboniferous  series.  No  locality  was  affixed  to  those  fossils, 
it  the  stone  in  which  they  are  imbedded  is  so  identical  in  mineral 
laracter  with  the  well-known  Lower  Carboniferous  Limestone 
'  Burdiehouse,  near  Edinburgh,  that  there  can  be  no  doubt  but 
lat  they  were  derived  from  that  locality.     Moreover,  I  think  that 
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sufficient  jiistificatioii  for  recording  them  as  BnTdiehooae  foflnk  maj 
bo  found  in  the  fact,  that  two  additional  specimens  of  the  same  fidi 
have  been  also  found  by  that  most  indefatigable  and  snooBBfoi 
collector,  Mr.  Peach,  in  the  quarries  of  the  very  place  in  questioiL^ 

Enumeration  of  Specimens. — Yor  purposes  of  referenoe  in  ^ 
following  description,  the  specimens  before  me  may  be  numbered 
and  characterized  as  follows : — 

No.  1.  Specimen  (Fig.  1,  PI.  XIV).  measuring  5f  inches  in  lengfli 
and  showing  the  head,  body,  and  caudal  region,  except  the  extreme 
termination  of  the  tail.  In  the  Miller  Collection,  Edinbmgh 
Museum  of  Science  and  Art. 

No.  2.  Specimen  (Fig.  2,  PI.  XIV.)  4f  inches  in  length,  withom 
head,  but  showing  the  greater  part  of  the  abdominal  r^on,  with 
the  tail  up  to  its  very  termination.     Miller  Collection. 

No.  3.  Portion  of  a  fish,  evidently  originally  a  larger  specimen 
than  either  of  the  two  preceding.  It  shows  a  large  portion  both 
of  the  abdominal  and  caudal  regions,  but  without  either  the  head  or 
the  point  of  the  tail.     Length,  4^  inches.     Miller  Collection. 

No.  4.  A  nearly  entire  specimen,  5^  inches  long,  somewhat  dis- 
torted, showing  a  portion  of  the  head  and  also  the  extreme  termina- 
tion of  the  tail,  as  in  No.  2.     In  the  collection  of  Mr.  Peach. 

No.  5.  Portion  of  the  caudal  region,  but  without  its  extreme 
termination.     Lengtli,  S^^  inches.     In  Mr.  Peaches  collection. 

Scales. — The  body  was  evidently  covered,  as  in  the  case  of 
P.  Auih'rsoni,  with  thin  and  feebly  ossified  scales,  which  do  not  in 
any  case  conceal  the  bones  of  the  prominent  internal  skeleton. 
Tlieir  exact  size  and  confi^iration  c^n  hardly  be  accurately  dis- 
tin^uisliod,  owing  to  the  state  of  p^eso^^'ation  of  the  fossils,  in 
which  the  scales  ai*e  squeezed  together  into  almost  an  honiogeneous- 
lookiui;  film.  As  far  as  I  can  make  out.  they  seem  to  have  been 
of  niDilerate  size,  cycloidal  or  somewhat  rlioml>o-cycloidal  in  shape, 
imbricating^  in  arraii<^ement.,  and  marked  with  concentric  lines,  bnt 
more  especially  with  fine  thread-like  longitudinal  or  slightly  radia- 
tiu<;  strije. 

Haul, — In  specimen  No.  1  ilio  head  measures  1 J  inch  in  length, 
and  is  contained  kr^  times  in  the  len<^th  of  tlie  wliole  specimen  as 
prcserviMl,  l)iit  the  en<l  of  the  tail  being  lost,  the  original  proi)ortion 
would  probably  be,  at  least,  as  1  to  G.\.  In  front  a  portion  of  bone 
is  seen  bearing  a  smooth,  conical,  sharp,  tooth-like  pn>jection.  ^ 
of  an  inch  lon;^.  In  No.  3  the  impression  of  a  large  broad  operculum 
is  distinctly  visi]>le,  but  in  neither  of  the  specimens  can  the  ctmtonr 
of  any  <)tln'r  of  the  bones  of  the  head  bo  distinguished,  thou<rh  in 
plac<s  it  may  be  seen  that  their  free  surfaces  were  ornamented  with 
tine  ri<ljL::es. 

IMij. — In  general  fonn  the  body  must  have  considerably  resem- 
bled that  of  ProtoptcniSy  being  modenitely  broad  in  the  abdominal 

^  The  l««ll>wiii;:  dt^scription  of  the  now  rarboniferous  spccios  fomunl  part  of  » 
rajHT,  i'mitle<l,  "  Addiiitnis  to  the  Fossil  Vcrtuhratc  Fauna  of  ]{urilieli<>UM\  near 
Julinhiirjfli,"  read  before  {Section  C  of  the  British  Association,  at  Edinbui]gh. 
Ati^Ubt,  1871. 
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regioiii  atid  becoming  gradually  attenuated  to  a  fine  point  in  the 
Ntudaly  but  in  specimens  free  from  distortion  a  very  distinct  upward 
)arYature  of  the  axis  of  the  body  is  seen  near  the  tail.  There  being 
10  traces  of  vertebral  bodies  yisible,  the  notochord  must  have  been 
sersistent,  and  the  empty  space  which  it  occupied  is  well  seen, 
specially  in  the  caudal  region.  The  neural  arches  and  spines  are 
nrell  ossified ;  the  latter  are  slender  in  form,  and  are  long  in  front, 
[petting  gradually  shorter  as  we  proceed  backwards.  The  form 
>f  the  neural  spines  is  most  distinctly  seen  in  the  caudal  region, 
Inhere  each,  springing  from  a  slightly  expanded  neural  arch,  passes 
mrj  obliquely  upwards  and  backwards,  and  becoming  thin  in  the 
niddle,  ends  in  a  laterally -flattened,  expanded  termination,  to  which 
me  of  the  next  set  of  elements,  the  dorsal  fin-supports,  may  in 
nany  instances  be  clearly  seen  to  have  been  articulated:  indeed, 
[  believe  that  this  must  always  have  been  the  case,  though  in  the 
)resent  fossils  these  elements  are  often  displaced  from  each  other,  as 
n  Fig.  2,  PI.  XIV.  These  succeeding  elements,  the  dorsal  **  inter- 
ipinous  bones,"  or  fin-supports,  well  shown  both  in  Figs.  1  and  2 
>f  the  plate,  are  likewise  slender  in  form,  expanded  at  both  ends, 
md  pass,  like  the  neural  spines  which  support  them,  obliquely 
ipwards  and  backwards.  They  are  frequently  slightly  curved,  with 
i  forwardly  directed  concavity.  They  are  rather  short  and  delicate 
n  front,  attaining  their  greatest  length  and  stoutness  opposite  the 
>eginning  of  the  caudal  region,  whence  backwards  they  again 
>eoome  smaller,  till  towards  tiie  end  of  the  tail  they  can  no  longer 
)e  distinguished  from  the  neural  spines.  The  ribs  are,  as  in 
PA.  Andersoni,  very  long  and  prominent,  and  are  well  seen  in  Fig.  1. 
[lie  hadmal  spines  follow  on  ^e  ribs  as  we  pass  from  the  abdominal 
o  the  caudal  region,  and  with  the  appended  supporting  bones  of  the 
jial  and  inferior  lobe  of  the  caudal  fins,  agree  essentially  with  the 
lorresponding  elements  on  the  neural  side  of  the  notochord.  The 
ibs,  neural  and  hsBmal  spines,  and  median  fin-supports  seem  to 
lave  been  hollow,  the  centred  cavities,  originally  occupied  by  car- 
ilage,  being  now  filled  with  carbonate  of  lime. 

Fins, — A  comp€u:ison  of  the  five  specimens  under  examination 
hows  that  the  dorsal  fin  was,  as  in  Ph.  Andersoni  and  in  the  recent 
jepidosiren,  perfectly  continuous  with  the  upper  lobe  of  the  caudal. 
n  specimen  No.  1  (Fig.  1,  PI.  XIV.)  the  dorsal  is  seen  distinctly  to 
ommence  only  three-quarters  of  an  inch  behind  the  head.  This  dorso- 
audal  fin  is  low  at  its  commencement,  but  gets  broader  posteriorly, 
.ttaining  its  greatest  breadth  opposite  the  beginning  of  the  caudal 
^on,  after  which  it  becomes  rapidly  attenuated  as  it  proceeds  to 
he  tip  of  the  tail.  On  the  hsamal  aspect  of  the  body  there  is  some 
vidence  in  nearly  all  the  specimens,  but  especially  in  No.  4,  of  a 
mall,  narrow,  separate  anal  fin  in  front  of  the  lower  lobe  of  the 
audal.  This  lower  lobe  of  the  caudal  is  not  so  broad  as  the  upper 
obe,  and,  proportionally,  is  considerably  less  deep  than  the  corre- 
ponding  part  in  Ph.  Andersoni;  like  the  upper  lobe,  it  becomes 
inely  attenuated  posteriorly.  Tlie  tail  thus  formed  is  beautifully 
liphycercal,  as  seen  in  Fig.  2  ;  there  being,  however,  as  above 
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remarked,  a  slight  upward  curvature  of  the  axis  of  tiie  body  at  its 
caudal  extremity.  This  curvature  is  not  seen  in  Fig.  2,  as  &e 
specimen  has  undergone  a  slight  distortion,  but  it  may  be  obserred 
in  Fig.  1,  and  is  still  better  seen  in  specimen  No.  5,  not  figured 

The  rays  of  the  median  fins  are  very  fine,  frequently  bifurcating 
near  their  tips,  and  spring  in  bundles,  which  may  be  best  studied  in 
the  dorso-caudal.  They  have,  in  fact,  the  same  structure  as  in 
Ph.  Andersoni,  Each  bundle  results  from  the  division,  into  nume- 
rous raylets,  of  the  distally-directed  apex  of  a  small  triangular  banl 
piece,  which,  proximally,  may  frequently  be  seen  to  be  articulated 
to  the  subjacent  extremity  of  an  interspinous  bone  or  fin-support 
A  few  of  these  triangular  bases  of  the  dorso-caudal  fin-rays  may  be 
seen  both  in  Figs.  1  and  2,  though  they  are  considerably  mere 
distinct  in  8|)ecimens  Nos.  8  and  5,  not  figured. 

In  specimen  No.  1  (Fig.  1),  a  bone  of  the  shoulder  girdle,  pro- 
bably the  clavicle  of  the  right  side,  is  seen,  but  no  undoubted  trace 
of  either  pectoral  or  ventral  fins  can  be  detected  in  any  of  the  fossils. 

Conclusion, — In  the  Carboniferous  specimens  before  us,  we  have  a 
fish  very  closely  resembling  the  Phaneropleuron  Andersoni  of  Huxley, 
but  differing  from  it  in  its  smaller  size,  in  its  somewhat  more  slender 
form  posteriorly,  in  the  smaller  depth  of  the  lower  lobe  of  the  caudal 
fin,  and  apparently  also  in  the  greater  extension  forwards  of  tlie 
dorsal  fin.  As  it  is  evidently  at  least  specifically  distinct^  I  propose 
to  l)estow  on  it  the  title  of  Phaneropleuron  elegans. 

The  genus  Phaneropleuron  is  thus  common  to  the  Upper  Devonian 
and  Lower  Carboniferous  formations.  It  is  one  of  the  most  in- 
teresting of  the  Pala30zoic  Ganoids,  as  showing  the  intimate  relations 
subsisting  between  the  ancient  Crossopterygians  with  acutely  lobate 
pectorals  and  ventrals,  and  the  remarkable  recent  types,  Lepidosiren, 
ProtopteruSf  and  Ceratodus.  One  cannot  fail  to  be  struck,  as  Prof. 
Huxley  has  already  indicated.*  with  the  many  points  of  resemblance 
which  this  genus  bears  to  Lepidosiren,  in  the  general  form  of  the 
fish,  in  its  thin  circular  scales,  and  in  many  points  in  the  structure 
of  its  internal  skeleton.  But  from  the  true  Dipnoi,  with  which  Dr. 
Giintlier  now  unites  the  Devonian  DipteruSy  and  the  Carbonifen>us 
Cicnodns,'^  it  differs,  as  is  well  known,  materially  in  its  dentition ; 
and  tlie  position  of  the  nasal  openings,  so  peculiar  a  character  in  the 
recent  Dipnoi,  and  in  the  fossil  Dipterus,  as  Giinther  has  pointed  out, 
remains  yet  to  be  definitely  settled.  Phaneropleuron  must  therefore 
remain,  as  Prof,  lluxlcy  has  placed  it,  the  type  of  a  distinct  subfamily 
of  Ci*ossopterygida5,  viz.,  Phaneropleurini,  and  not  very  far  removed 
from  Holoptychitts,  and  other  acutely  lobato-membered  cycliferous 
Ganoids  of  Pala?ozoic  times. 

ISIy  best  thanks  are  due  to  Mr.  Archer,  the  ablo  and  liberal- 
minded  Director  of  the  Edinburgh  Museum  of  Rcience  and  Art,  for 
permission  to  figui*e  and  descril)e  the  Carboniferous  specimens  in 
the  Miller  Collection  ;  to  my  genial  friend  Mr.  Peach,  for  the  loan  of 
the  two  specimens  in  his  private  cabinet,  and  for  having  originally 

»  Dec.  Geol.  Surv.  X.  p.  26. 

»  Proc.  Royal  Soc.  March  16,  1871,  p.  379. 
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directed  my  attention  to  the  subject ;  and  also  to  the  Literary  and 
Philosophioed  Society  of  St.  Andrews,  for  the  free  permission  which 
they  accorded  to  me  to  examine  and  make  notes  of  the  beautiful  speci- 
mens from  Dura  Den,  in  the  Geological  collection  of  their  Museum. 

EJCPLANATION  OF  PLATE  XIV. 

Fio.  1.  Fhaneropleuron  eUgana,  natural  sizo,  from  the  Lower  Carboniferous 
limestone  of  Burdichouse. 

Fio.  2.  Another  specimen^  natural  size,  without  the  head,  but  showing  the 
extreme  tip  of  the  tail.  The  dorso-caudal  fin  is  injured  in  front,  and  the  direction  of 
the  caudal  axis  slightly  distorted,  so  as  to  spoil  the  beautiful,  though  gentle,  upward 
oorrature  which  in  the  other  specimens  it  is  seen  to  have  towards  ito  terminatioD. 


IL — On  a  Cikqub  in  the  Syenite  Hills  of  Skte. 

By  T.  G.  BoNNBT,  M.A.,  F.G.S. 
(Bead  before  the  Cambridge  Philosophical  Society,  October  30,  1871.) 

IN  a  communication  to  the  Geological  Society,^ ''  On  the  formation 
of  Cirques,  and  their  hearing  upon  theories  attributing  the 
excavation  of  Alpine  valleys  mainly  to  the  action  of  Glaciers," 
I  confined  myself  to  the  examination  of  Cirques  in  sedimentary 
strata,  and  these  to  a  large  extent  calcareous.  I  observed  this 
xestriction  because  the  most  typical  examples,  so  far  as  I  could 
ascertain,  lay  in  non-crystalline  districts,  and  because  my  own 
experience  had  not  presented  to  me  any  very  striking  instances  in 
other  districts.  The  present  brief  paper  is  an  attempt  to  show  that, 
ander  favourable  circumstances,  the  principles  there  laid  down  may 
also  be  applied  to  regions  wherein  crystalline  rock  exists. 

A  Cirque  may  be  defined  as  a  variety  of  what  in  Scotland  is  called 
"  a  oorrie,"  viz.,  a  more  or  less  semicircular  recess  in  the  heart  of  a 
mountain  region,  and  at  or  near  the  head  of  a  valley,  inclosed  by 
a  high  wall  of  approximately  vertical  cliffs. 

In  the  above-named  paper  I  attempted  to  show  that  these  Cirques 
could  not  be  explained  by :  (a)  what  earlier  geologists  termed  a 
crater  of  elevation ;  (yS)  or  by  any  kind  of  marine  action,  such  as 
has  excavated  some  of  the  coves  which  may  be  seen  among  coast 
diffii ;  (7)  or  by  the  action  of  a  glacier  ploughing  up  the  ground  ; 
and  th^  the  only  explanation,  consistent  with  the  phenomena  which 
ihey  presented,  was  to  attribute  them  to  the  erosive  action  of  several 
small  streams  of  water,  derived  from  sources  higher  up,  which, 
aided  by  atmospheric  denudation, — rain,  heat,  frost,— cut  their  way 
gradually  backward  into  the  mountain  side. 

At  that  time  I  put  aside  the  question  of  how  far  a  favourable 

configuration  of  the  surface  was  needed  before  these  agents  could 

act,  and  by  what  physical  causes  it  had   been  produced ;   all   I 

attempted  to  establish  was,  that  Cirques  in  their  present  condition 

are  the  result  of  the  joint  action  of  running  water  and  meteoric 

agents;  and  the  same  limitation  must  be  supposed  to  hold  in  the 

present  paper. 

^  Quart  Journ.  QeoL  Soc.,  yol.  xxyU.  p.  312. 
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Before  proceeding  to  discuss  the  formation  of  this  Cirque  in  Skje, 
a  few  wolds  about  the  geology  of  the  island  may  not  be  out  of  plioe. 
Five  very  distinct  regions  are  at  once  evident,  even  to  the  pasdng 
traveller.  To  the  south  is  a  long  rolling  line  of  uplands— qnartz&eiy 
gneiss,  and  schists — resembling  in  their  general  contour  the  greit 
mainland  mass  of  altered  Cambrian  and  Silurian  rocks,  of  whidi 
they  are  only  a  prolongation.  To  this  succeeds  a  wide  open  valley 
or  plain,  the  Strath,  occupied  by  sedimentary  rocks  of  Mesozoic  age. 
Lias,  and  Inferior  Oolite,  which,  though  occasionally  shattered, 
pierced,  and  overflowed  by  igneous  rocks,  rarely  rises  to  any  great 
height  above  the  sea. 

Another  mountain  district  now  succeeds,  itself  comprising  two 
very  distinct  regions.  To  the  west,  rising  some  3000  feet,  are  the 
Cuchullin  hills — wild  aiguilles,  whose  crags  of  sombre  hypersthene 
rock  offer  the  grandest  scenery  in  Scotland ;  to  the  east,  and  lower 
by  full  1000  feet,  is  an  irregular  mass  of  hills  of  a  peculiar  rounded 
contour,  the  Syenite  region.  To  the  north  of  this  comes  the  unevenly 
outlined  trap  district,  forming  the  larger  half  of  the  island,  where 
huge  sheets  of  basalt  break  through  and  overlie  rocks  of  Oolitic  age, 
and  rise  occasionally  in  great  plateaux  to  a  height  of  full  1500  feet 
above  the  sea. 

Tlio  syenite  of  which  I  speak  has  burst  through  the  Jurassic 
rocks  of  the  Strath,  occasionally  greatly  displacing  and  alteriog 
thom.  In  colour  it  is  reddish-grey,  giving  the  hills  in  the  distSDoe 
a  tint  varying  from  a  rusty  luie  to  one  that  in  some  li^^rhts  is  almost 
white.  It  appears  to  consist  chiefly  of  orthoclase- feldspar,  and 
hornblende,  but  weathers  so  easily  that  it  is  very  difficult  to  obtain 
a  specimen  unaftected  by  decomposition  ;  notwithstanding  this,  as  is 
tlio  case  with  other  homblendic  rocks,  it  is  very  tough  and  difficult 
to  break,* 

The  date  of  this  syenite  mass  is  as  yet  uncertain.  Without  doubt 
it  is  posterior  to  all  the  Jurassic  rocks  of  the  island,  and  Professor 
Geikie^  is  of  opinion  that  it,  like  the  igneous  rocks  of  the  northern 
plateaux,  is  of  Miocene  age.  Neither  is  it  easy  to  say  how  far  its 
present  peculiar  outline  is  the  result  of  denudation.  Without  doubt 
its  summits  have  l>een  lowered  by  the  almost  incessant  showers  that 
havo  for  thousanils  of  years  been  driven  against  them  by  the  Atlantic 
breezes ;  and  the  valleys  among  them  have,  to  a  great  extent,  been 
excavated  by  the  same  agencies,  but  still  their  peculiar  forms, 
reminding  us  of  the  Puy  de  Dome,  Sarcoui,  and  other  domite 
hills  in  Auvergne,  suggest  that  their  present  may,  to  a  considerable 
extent,  resemble  their  original  conliguration,  and  that  these  great 
bosses  may  have  been  excreted  in  a  pasty  state  from  numerous 
subjacent  vents. 

To  proceed,  however,  with  the  special  subject  of  this  paper.  On 
landing  at  Broadford,  a  little  village  at  the  north-east  angle  of  the 
Strath,  I  was  at  once  struck  with  two  conspicuous  corries,  one  on 
the  side  of  Ben  na  Caillich,  a  fine  dome-shaped  mass  of  this  syenite : 

*  MacCulloch  (Western  Isles,  vol.  i.,  p.  267)  notices  this  tendency  to  decompose. 
'  Quart.  Joum.  Geol.  Soc,  vol.  xxrii.,  282. 
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the  otheT  in  a  monntam  slightly  behind  it,  the  English  name 
of  which  would  be  the  Bed  Hill.  Even  at  that  distance  I  could  see 
that  they  had  onoe  been  occupied  by  glaciers,  and  I  determined  on 
the  first  opportrmity  to  give  them  a  closer  examination.  This 
intention  was  not  exactly  carried  out,  for  in  the  course  of  a  devious 
walk  on  Ben  na  Caillich,  instituted  with  a  view  of  such  a  visit, 
I  came  upon  the  double  cirque  which  forms  the  subject  of  this  paper. 

Fio.  1. — Bough  Sketch  Diagram  of  Cirqaes. 


Q  Oo 


>\N^ 


A.   Cliffs  and  Tery  steep  screes.       B.  Ice-worn  slopes  of  rook.       C.  Moraine.    D.  Bum. 
£.  Saddle.  The  arrow  indicates  the  direction  of  the  Summit  of  Ben-na-Caillich. 

It  lies  close  to  the  head  of  a  glen  running  behind  Ben  na  Caillich, 
which  thus  is  only  joined  on  to  the  general  syenite  massif  by  a 
narrow  saddle  much  lower  than  its  summit.  Heaps  of  moraine 
matter  strewn  about  the  lower  part  of  the  glen  showed  that  it  had 
once  been  occupied  by  a  glacier;  and  presently  we  came  upon  a 
well-marked  lateral  moraine  on  the  fiank  of  Ben  na  Caillich,  which 
could  be  traced  to  within  two  or  three  hundred  yards  of  the  head 
of  the  glen.  Facing  Ben  na  Caillich,  and  thus  on  the  right  bank  of 
the  glen,  though  very  close  to  its  head,  were  two  small  but  very 
clearly  marked  Cirques.  Each  is  inclosed  by  steep  cliffs  ;  the  floor, 
as  we  may  call  it  (though  in  this  case  it  is  on  a  considerable  slope),  is 
ice- worn  in  several  plcM^es,  and  in  the  middle  of  each  a  tiny  rill,  all 
but  dry,  trickles  down  to  form,  when  united,  the  little  bum  which 
drains  the  glen.  Though  on  a  small  scale,  they  were  true  Cirques ; 
and  in  many  respects  might  have  been  models  of  those  which  I 
described  on  the  Surenen  Pass  (Fig.  2). 

Now  here  any  notion  of  a  crater  of  upheaval  was  absurd ;  one 
could  not  in  this  sequestered  nook  explain  them  by  any  wash 
of  ocean- waves;  to  suppose  that  a  glacier  could  have  made  them 
was  to  endue  it  with  a  property  of  vertical  excavation,  that  I 
think  the  most  ardent  glaoialist  would  hardly  claim  for  it,  and 
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(be  oDinpantirely  smill  elevstion  of  the  motmtain  crest  bdind 
them  showed  that  they  odiild  not  be  explained  by  ftny  hypothwii 
of  a  loop  dc'pe  of  b&<3w  pncang  downwards  npon  the  gioond 
beneath  it-  The  onlv  lofiy  tlape  was  that  of  Ben  na  Caillicb,  and 
that  not  onlv  showed  do  conie,  bat  was  in  the  wrong  poaition. 

Bat  on  linking  cloielr  at  the  cliBe,  it  was  evident  that,  diy  m  tbej 
weie  then,  this  was  not  always  the  case;  again  and  again  they  are 
seamed  with  liny  rc-rtical  furrows,  Etreaka,  and  stains,  which  show 
that  often — {•n:>bahly  afit-r  each  heavy  shower  (and  Skye  is  proverbial 
for  its  rainy  and  stormy  climate! — they  drip  with  numemiis  rilU. 
These  act  both  chemically  and  mechanically  :  attacking  the  alkaline 
and  calcareous  silicates  in  the  rock,  and  abrading  it  b;  tbe  grit 
which  ibey  sweep  along-  Heat  and  frost  also  act  upon  the  eatuated 
iDck ;  and  so  the  cliff  is  eappted  slowly  back  by  the  agency  of  these 
almost  invisible  but  resistless  forces. 

Tie.  2— Bongh  Skrith  of  Cirque  in  Bothitock,  Sarenen  Fua. 


red  bf  ttrwnlcts. 


But  there  is  other  evidence  :  the  ice-ivom  slopes  below  are  strewn 
with  debris,  ami  their  junction  witli  the  cliff  is  almost  everj-whore 
masked  by  sci'ees.  Beneath  each  one  of  these  furrows  which  I  have 
mentioned  Ih  its  own  tiny  talus  of  fresh-fallen  debris,  showing 
whence  it  has  come  and  by  what  path. 

If  it  bo  urged  that  what  I  may  call  mere  rain-drip,  not  yet  col- 
lected into  anything  more  tlinii  slender  rills,  which  are  dry  n^iu 
after  nn  hour  or  two's  suntihitie,  is  inadequate,  when  aided  by  other 
nict*!oric  agencies,  to  sap  and  remove  Bolid  rock,  and  hew  back 
tlie  slopes  into  a  cliff,  I  would  call  attention  to  the  mountains 
tliroughout  all  tbiH  syenite  region.  For  several  hundred  feet  from 
tiieir  basen  their  iiiiuke  are  thickly  clothed  with  sallow,  heather. 
md  coarse   herbage,   and  even  spotted   with   not  a  few   patches 
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of  sodden  peat;  but  the  upper  half  is  bare  and  bald,  a  atony  desert ; 
for  the  rain  brings  down  freBh  Btreams  of  Bcrees  from  above  faster 
than  even  the  mountain  grass  can  grow  in  a  Eebridean  summer. 
^  Indeed,  bo  rapid  is  this  destmotiTe  agency,  that  in  not  a  few 
oonioB  and  cirquea,  here  as  elsewhore,  the  transporting  power  can 
hardly  keep  paoe  with  the  excavBtory.  The  water-saw  and  the  ice- 
wedge  can  quarry  the  rock  faster  than  the  stream  can  carry  away 
the  spoil ;  and  bo,  to  Bome  extent,  they  are  counteracting  themselves, 
and  the  escayation  is  being  filled  up  faster  than  it  ia  being  enlarged. 
further,  these  Cirqnes,  though  not  made  by  glaciers,  have  been 
occnpied  by  them.  The  ioe-wom  slopes  at  the  very  foot  of  the  cliffs 
ahow  that  comparatively  little  change  has  taken  place  since  the  ' 
time  when  the  last  snow  melted  away  from  the  head  of  the  glen ; 
Fio.  3.— Qrqoe  ia  Procen  of  Fonnstion.    Pus  nasr  Eogelberg. 


they,  therefore,  were  prior  to  the  glacier,  and  far  more  the  cause 
of  it  than  it  of  them.  They  must  have  been  Cirques  when  the 
ap])roacli  of  a  polar  climate  first  enabled  the  winter  anow  to  remain 
in  these  sheltered  nooks  all  throngh  the  summer.  Some  modification 
there  would  doubtless  be  then.  The  cliffs  would  still  be  cut  back 
by  water  in  summer,  by  frost  in  winter;  the  talus  borne  away,  or 
crushed  by  the  glacier  ;  the  rooks  below  somewhat  worn  and 
rounded;  but  still  the  completeness  of  the  Cirque  as  a  whole 
forbids  us — unless  we  assign  it  entirely  to  glacial  action — to  suppose 
that  it  was  more  than  slightly  altered  by  this.  It  therefore,  like 
those  which  I  examined  in  the  Alps,  shows  that  in  crystalline,  as  in 
sedimentary,  districts  the  action  of  glaciers  was  little  more  than 
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Buperficial.  Since  these  Cirques  also  assign  a  fiir  higher  antiqidtj 
to  the  principal  physical  features  of  a  mountain  region  than  tbe 
upholders  of  the  Glacier  erosion  theory  appear  to  admit,  and  nnoe 
**  rain  and  rivers  "  have  heen  restricted  to  no  particular  geological 
epoch,  they,  working  "  without  haste,  but  without  rest^"  may  well 
have  hewn  out  in  the  long  lapse  of  ages  the  present  shapely  oontoon 
of  hill  and  valley  from  the  blocks  left  ready  to  their  himdB  by  other 
natural  forces. 


HL — On  Two  Undescbibed  Coniferous  Fbuits  fbom  thx  Seconbabt 

Rocks  of  Britain.* 

By  William  Cabruthsbs,  F.B.S.,  F.G.S. 

(PLATE  XV.) 

IT  is  a  singular  coincidence  that  in  a  former  communication  to  this 
Magazine  (Vol.  VI.,  p.  1)  I  described,  among  other  Coniferous 
fruits,  two  from  the  Gault  at  Folkestone,  the  one  the  cone  of  a  pine, 
and  the  other  of  a  WcUingtouia,  and  that  in  this  communication  I 
propose  to  describe  two  hitherto  unknown  fruits  from  the  same 
deposit  and  found  at  the  same  locality,  belonging  also  the  one  to  a 
Wellingtonia  and  the  otlier  to  a  pine.  Although  the  small  pine* 
cone  already  described  {Ptnites  gracilis)  differs  in  form  and  in  the 
arrangement  of  the  scales  from  any  known  cone,  recent  or  fossil,  it 
is  more  nearly  related  to  that  group  of  the  section  Pinea,  the  mem- 
bers of  which  are  now  associated  with  the  Welliiigtonias  in  the 
west  of  North  America,  than  with  any  other  member  of  the  great 
genus  Pinus.  I,  however,  hesitated  to  refer  to  this  interesting  fact, 
because  the  occurrence  of  the  two  cones  in  tlio  Gault  might  have 
been  due  to  their  beiug  accidentally  brought  into  the  same  silt  by 
rivers  having  widely  separated  drainage  areas.  And  it  is  easier  to 
keep  back  general izatiuns  based  on  imperfect  data,  than  to  sui)press 
them  after  public^ition,  when  in  the  progress  of  investigjition  they 
are  shown  to  be  false.  But  I  have  now  to  describe  a  sec'ond  pine- 
cone  more  closely  related  to  the  Calitbrnian  species  of  Pinca,  and 
with  it  a  new  species  of  AVellingtonia.  Thcvse  surely  point  with 
tolerable  certainty  to  the  existence  of  a  Coniferous  vegetation  on  the 
high  lands  of  the  Upper  Cretaceous  period  having  a  fanes  similar 
to  that  now  existing  in  the  mountains  on  the  west  of  North 
America,  between  the  thirtieth  and  fortieth  parallels  of  latitude. 
No  fossil  referable  to  Sequoia  has  hitherto  been  found  hi  strata  older 
than  the  Gault,  and  hero  on  the  first  aj)pearance  of  the  genus  we 
find  it  associated  with  pines  of  the  same  group  that  now  flourish  by 
its  side  in  the  New  World. 

Pinites  hcxagonus,  sp.  nov.  (Plato  XV.)  Cone  elonga to-oblong, 
decreasing  equally  from  the  middle  towards  the  similarly -fonned 
and  truncate  base  and  apex.  Apophyses  of  the  scfdes  hexagonal 
throughout,  thickened,  scarcely  elevated  towards  the  central  umb<;. 

*  This  paper  is  aupplemeutary  to  one  published  in  Vol.  VI.  of  the  Geological 
Magazine,  at  page  1. 
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carina  transyerse  obtuse.  Gone  6  inches  long,  by  an  inch  and  a 
half  broad  at  the  middle.  Apophyses  of  the  scales  in  the  middle 
of  the  cone,  -^  inch  broad  and  -,2^  inch  deep. 

Locality, — iVom  the  Gktult  of  Eastware  Bay,  Folkestone.  I  am 
indebted  to  J.  S.  Gardner,  Esq.,  F.G.S.,  for  my  knowledge  of  this 
species. 

The  genus  Pinua  is,  with  a  single  exception,  confined  to  the 
northern  hemisphere,  extending  from  the  Arctic  regions,  where  it 
grows  on  the  plains,  to  the  fianks  of  high  mountains  within  the 
tropics.  It  is  remarkable  that  in  the  American  continent  the  Isthmus 
of  Panama  suddenly  stops  their  distribution  southwards.  The  groyes 
which  occur  on  the  mountains  of  Mexico  and  Guatemala  are  not 
oontinued  on  the  similar  mountains  in  the  neighbouring  regions 
of  South  America.  The  pines  are  a  gregarious  group  of  plants, 
▼ast  tracts  of  country  being  frequently  coyered  with  trees  of  the 
same  species. 

Cones  which  may  be  referred  with  certainty  to  pines  haye  not 
been  hitherto  found  in  strata  older  than  the  Upper  Oolites.  I  ex- 
clude the  fossil  to  which  Lindley  and  Button  gaye  the  name 
of  Pinites  anihradnuB  (Foss.  Fl.,  pi.  164),  which  is  most  probably 
the  fragment  of  a  Lepidodendroid  branch. 

The  earliest  certain  indication  of  a  pine-cone  is  in  the  Eimmeridge 
Clay,  from  which  I  haye  described  a  small  and  imperfect  specimen, 
with  scales  which  are  attenuate  towards  the  margins,  and  which 
consequently  belongs  to  the  section  Sapinus  of  the  leirger  genus.  I 
described  this  cone  under  the  name  Pinites  depreasus  (Gsol.  Mag., 
VI.  p.  2),  oyerlooking  the  preyious  establishment  of  a  species  with 
the  same  specific  name  by  my  lamented  friend,  M.  Coemans.  I  take 
this  opportunity  to  substitute  the  name  P.  dejectua  for  this,  which 
must  be  set  aside.  In  the  Cretaceous  beds  the  pines  become  more 
numerous.  They  belong  chiefly  to  the  thin-scaled  section  Sapinus, 
The  only  exceptions  with  which  I  am  acquainted,  besides  the  two 
from  the  Gault  to  which  I  haye  already  referred,  are  P.  Fittoni, 
Carr.,  Geol.  Mao.,  VI.,  p.  543,  from  the  Purbeck  ;  P.  Androei, 
Coem.,  Mem.  Acad.  Belg.,  xxxyi.,  p.  12  ;  P.  aquensia,  Sap.,  in 
Schimper  Tr.  Pal.,  ii.,  p.27 ;  P.  Coqtmndif  Sap.,  I.e. ;  P.  humiliay  Sap., 
I.e.,  p.  28 ;  and  P.  Quenatedi,  Heer,  Flor.  Moletein,  p.  13,  all  from 
Cretaceous  rocks.  In  the  Tertiary  strata  the  species  of  tlie  section 
Pinea,  to  which  these  belong,  that  is  to  say,  cones  with  thickened 
apophyses  or  apices  to  the  scales,  greatly  increase. 

&equoiit€8  ovalia,  sp.  noy.  Cone  oyal,  composed  of  many  scales, 
arranged  spirally  on  the  axis.  Scales  cuneate  from  the  base,  with  a 
transyersely-oblong  hexagonal  apex,  which  is  rugose  and  depressed 
in  the  middle.  Cone  2i  inches  long,  and  a  little  oyer  one  inch  in 
width.  Apex  of  the  scales  in  the  middle  of  the  cone,  ^  of  an  inch 
broad  and  ^  of  an  inch  deep. 

Locality. — From  the  Gault  near  Folkestone. 

This  is  the  largest  fossil  cone  which  has  been  referred  to  the 
genus  Sequoia,  being  nearly  as  large  as  the  largest  cones  of 
Sequoia  gigantea. 
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The  ^hdb  Sequoia  is  represented  by  two  species  in  the  existing 
vegetation  of  the  globe.  The  one  is  the  famous  Wellingtonia  or 
Mammoth  Tree,  supposed  to  be  confined 
to  a  vety  limited  region,  bat  now  known  to 
occur  in  lai^  groves  through  an  extent  of 
at  least  120  miles  along  the  western  flank 
<  of  the  Sierra  Nevada,  North  America,  at  a 
height  of  about  5000  feet  above  the  level 
of  the  sea.  The  other  is  S.  lemperrireat, 
the  red-wood  of  the  timber  trade,  and  has  a 
much  greater  range,  ezteading  further  to 
the  north.  The  Sequoia  groves  contain 
immense  numbers  of  trees  of  all  ages,  from 
the  seedling  to  the  hiug  of  the  forest,  so 
that  there  is  no  reason  to  fear  their  ex- 
tirpation. 

The  Gretaceoos  rocks  contain  the  earliest 
known  repiesentt^ives  of  the  genns.  If 
we  refer,  in  accordance  with  the  opinions 
of  Heer  and  Schimper,  the  fossils  known 
ae  Qeittitzia  erelaeea,  Eindl.,  and  Widdniiig- 
tonitet  foitigiatnt,  Endl.,  to  SequoiiUt,  ve 
hare  six  Meaozoic  species  of  the  genus,  of 
Of.  iiu..  which  three  are  from  the  Qanlt,  and  three 

from  the  Upper  Greensand  or  Chalk.' 

AraucariUt  sphceroearput,  Cfirr.,  Geol.  Mag.,  III.,  p.  349.  I  take 
this  opportunity  of  recording  a  point  in  the  struoture  of  this  cone 
which  IB  additional  to  ray  dcscriptioiL  In  mounting  the  specimen 
on  a  tablet  for  exhibition,  some  of  the  scales  freely  separated 
from  the  others,  and  disclosed  a  structure  and  armngement  of  jiarts 
which  agrees  with  that  in  Arancaria  liidmiUii,  Hooker.     The  single 

'  Trautschold,  in  n  roccnt  memoir  (Kouv.  Mem.  Soc.  Nat,  do  Moscow,  toI,  liii^ 
1871,  p.  22£>),  liaa  aninraCcd.  but  witbout  sufficient  reason,  the  fasnil  from  Eliue. 
near  Mobcow,  which  Eichwsid  di>Mrib«l  m  Gtiuilzia  erelaeea,  Endl.  {Lethcca  Rossici, 
Tol.  ii.,p.  4H),  iuidha«plac«ditin  ttieevnu»^raH«irtrr<.  under  Ibe  name  ^.  kamalM, 
Hia  uniliny  Araiaariitt  ciatiifalitu,  Coriia,  in  Kitbwold,  !.c.  p.  fiO,  pi.  iv.,  fig.  10,  i>, 
M  tar  oa  Eicbwald'e  figure  und  descripliim  are  roncemet),  obviouil}'  an  error.  Traut- 
BChuld'e  figure  (pi.  ixt.,  lig.  3)  Bhowa  in  one  of  tbe  branchea  ■  cddc,  nbich  belonn 
to  Scgiioia,  judging  from  tbe  form  and  direetiua  of  tbe  scales;  a  similar  fruit  u 
represented  in  pi.  iii.,  fig.  7.  Tliis  is  described  ta  a  new  speciea  under  the  nam* 
I'ii.ut  ttliptiea  (p.  227),  with  tbe  fullowing  diiignostic  characters;  "  Stiobilii 
ellipticiG,  squamia  apico  Talde  iiierassatia,  doriio  rhomboidali  carina  tmasTeruli 
dimidiato,  in  medio  carinie  tubcrculo  proniinente."  Tlie  size  of  tbe  cone,  tbe  form 
of  the  scales,  and  the  absence  of  imfiKcation  in  the  scales,  are  ebarnctera  which 
would  place  the  cone  in  Si^iioia,  vhile  the  trandTersv  cariua  and  the  prominent  tubercle 
fall  in  with  tliia  interpretation  of  its  position.  A  similar  cone  is  given  in  the  upper 
part  of  fig.  8,  pi.  XXI.  If  the  restoration  of  the  scale  a»  giien  by  Eichwald  iLc. 
pi.  T.,  Hg.  »,/,g,  h)  is  nccaralc,  it  would  throw  dnubt  an  to  whether  this  fossil  can  be 

S laced  in  the  recent  genus  Segwiia,  liDl  it  would  ceniiintr  be  ncurljr  related  to  it,  and 
ir  removed  from  I'iiiii',  nr  Amntaria,  with  ubicli  'I'rautechold  has  asBoeiali-d  it. 
In  his  teit  'J'rautschuld  considers  this  cone  us  nt'arlv  allied  to  /Vnhs  pn'rn'fii,  Lindl. 
and  Hu(t.  :  but  I  have  shoHu  thai  this  U  n  true  I'vciidcan  fniit  (Geol.  Mag.,  1867, 
Vol.  IV.,  p.  lOS).  Tbe  faciea  of  the  flora  from  Elbe  suggest  to  me  that  they  are  of 
Crelaceoua  age. 
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seed  is  small  and  occupies  the  centre  of  the  scale,  near  its  base, 
leaving  a  large  portion  of  the  scale  free  beyond  it  The  accom- 
panying outline  drawing  exhibits  the  position  of  the  seed,  and 
its  proportion  to  the  other  parts. 

Notwithstanding  the  criticism  of  the  learned  Professor  Heer  and 
the  practice  of  some  writers  on    fossil 
Botany,  I  still  think  it  desirable  to  employ 
the  termination  -ilea  for  the  generic  name 
of  fossil  forms  which  are  on  reasonable     t^^».^v^  c  i    #  ^ 

,  -         a    .     -I.    .  .     ^  Detached  Scale  of -4rawfar»<« 

grounds  referred  to  living  generic  types.  tpfkgrocarpw,  carr. 

Not  only  does  this  enable  the  student  at  once  to  distinguish  the 
recent  from  the  fossil  forms,  but  it  also  gives  an  indication  of  the 
caution  which  should  be  exercised  in  dealing  with  the  objects 
named  when  correlating  them  with  species  which  are  well  known 
and  fully  diagnosed  as  living  plants  are.  From  the  necessities 
of  the  case,  the  materials  at  the  command  of  the  botanist  in  dealing 
with  extinct  plants  are  not  only  scanty,  but  often  of  little  value 
for  systematic  purposes.  In  the  vast  majority  of  cases  only  the 
▼egetative  organs  are  known,  and  the  systematic  value  of  these 
is  comparatively  small.  The  great  variation  in  stems  and 
leaves  of  different  species  of  the  same  natural  genus,  and  indeed 
of  the  individuals  of  many  well-defined  species,  as  well  as  the 
recurrence  of  identical  leaf-  and  stem-forms  in  widely-separated 
members  of  the  vegetable  kingdom,  make  the  botanist  dealing  with 
recent  plants  hesitate  to  establish  species  on  foliage  only.  But 
inasmuch  as  many  importcmt  deposits  contain  nothing  but  leaves, 
and  as  large  and  important  families  of  plants  are  known,  in  a  fossil 
condition,  only  by  their  foliage,  it  is  necessary  that  these  vegetative 
structures  should  give  all  the  information  that  can  be  obtained  from 
them.  In  working  with  recent  plants  the  burden  is  not  laid  on  the 
student  to  search  out  characters  that  may  exist  in  foliage,  as  the 
worker  hopes  that  ere  long  the  flower  or  the  fruit  may  be  obtained, 
and  with  it  the  means  of  determining  with  certainty  and  facility  the 
position  of  the  plant.  It  is  very  different  with  geological  investiga- 
tions. The  laying  open  the  organic  contents  of  a  particular  group 
of  beds  is  a  herculean  labour,  before  which  the  exploration  of  the 
most  dangerous  and  inaccessible  region  on  the  surface  of  the  globe  is 
but  child's  play,  and  the  materials  which  generally  some  happy  acci- 
dent brings  to  light  are  but  the  fragments  which  originally  escaped 
the  natural  decay.  The  remarkable  labours  of  Prof.  Heer,  with 
the  most  unpromising  materials,  establish  that  even  these  may  to  the 
intelligent  and  educated  investigator  supply  in  part  information  as 
to  the  systematic  position  of  the  plants  to  which  they  belong.  His 
determinations  of  even  fragments  of  leaves  have  not  unfrequently 
been  confirmed  by  the  subsequent  discovery  of  flowers  or  fruit 
associated  with  them,  as  in  the  case  of  the  arctic  Magnolia  Inglefieldii, 
Yet  the  materials  are  so  imperfect  that  a  large  proportion  of  fossil 
species  must  remain  doubtful.  Obviously  the  value  of  these  must  be 
estimated  by  a  different  standard  from  that  which  we  apply  to  a  species 
founded  on  a  recent  plant,  and  it  is,  as  it  seems  to  me,  a  real  gain  to 
employ  a  terminology  which  will  exhibit  at  onoe  whetV^^x  \3ckib  «^^sRk 


544  W.  Carruthers — On  the  Secondary  Caniferm. 

is  existing  or  extinct,  and  bo,  to  some  extent,  the  nature  of  ^ 
evidence  upon  which  it  has  been  established. 

Thus,  in  the  section  Finea  of  the  genus  Pintu,  to  which  the  speciei 
described  in  this  paper  belongs,  Parlatore  enumerates  fiftj-four 
species,  seventeen  of  which  are  natives  of  the  old  world  and  thirty- 
four  of  the  new  world,  the  larger  number  being  found  in  the  moun- 
tain ranges  which  run  between  the  Bocky  Mountains  and  the 
western  shore  of  North  America,  and  all  are  confined  to  the  Northern 
Hemisphere.  Schimper  describes  sixty-nine  fossil  species  belonging 
to  the  same  section  of  the  genus,  and  tiiese  he  allocates  between  the 
subsections  of  Pxnea,  viz..  Pinaster  and  Tada.  The  thickened 
apophyses  of  the  scale  of  the  cone  with  its  central  umbo  is  sufficient 
to  distinguish  this  section  from  the  Cemhra  group,  which  has  a 
terminal  umbo  to  the  cone-scale,  or  the  Sapinue  group,  which  hai 
the  apex  of  the  scale  not  thickened.  But  the  cones  supply  no 
character  in  dividing  the  section  Pinea,  The  subsections  are  based 
upon  the  number  of  leaves  included  within  the  sheath.  Ab  these 
are  variable  in  the  same  plant,  I  doubt  whether  the  distinction  is 
of  much  value  among  recent  plants.  But  how  can  the  subsectional 
characters  be  detected  in  the  sixty-nine  fossils,  fourteen  only  of 
which  have  the  foliage  associated  with  the  cones  ?  It  is  certain  that 
the  cones  do  not  supply  any  appreciable  distinction,  so  that  one 
cannot  allocate  a  series  of  cones  without  foliage.  To  be  more  exact 
than  the  specimen  permits  is  a  real  error,  and  is  likely  to  introduoe 
more  serious  injury  into  geological  reasoning  than  the  more  vague, 
though  more  truthful,  estimate  of  the  affinities  of  the  plant. 

The  dinposal  by  Schimper  of  the  British  pines  justifies  these  obser- 
vations. The  only  cone  which  he  has  placed  in  the  Finea  section  is 
Pinxtes  Flutonisy  Baily ;  but  an  examination  of  Baily's  drawing 
will  show  that  his  imperfect  cone  belongs — as  far  as  the  characters 
are  exhibited — to  the  section  Cemhra ;  for  the  scales  want  the  central 
umbo,  and  have  a  *'  semi-circular  ridge"  (Baily),  almost  terminating 
the  apophyses.  The  separate  scale  figured  by  Baily,  and  which  he 
thinks  most  probably  belongs  to  this  species,  is  of  course  excluded 
in  my  estimate  of  the  position  of  the  cone,  as  the  characters  given 
in  the  drawing  are  at  variance  with  those  shown  in  the  scales  of  the 
cone  itself.  The  remaining  cones  supposed  to  have  tliickened 
apophyses  found  in  the  United  Kingdom  are  placed  together  as 
"  Species  incertae  sedis."  But  the  figures  and  descriptions  I  have 
given  of  them  show  that  F,  macrocephalm,  Carr.,  P.  ovatus,  Oirr., 
P.  Fittoni,  CaiT.,  and  F.  gracilis,  Carr.,  belong  to  the  Finea  section ; 
while  F,  dejectuB  (depressus),  Carr.,  is  as  truly  a  member  of  the 
Sapinus  section  as  F,  JlantelHi,  Carr.,  which  is  placed  there ;  and 
P.  iSiissexiensiSj  Carr.,  should  probably  be  referred  to  the  section 
Cemhra,  Without  foliage,  however,  and  even,  in  many  ciises,  with- 
out perfect  cones,  it  is  not,  as  it  seems  to  me,  desirable  to  refer 
unhesitatingly  these  cones  to  the  sections  into  which  the  species  of 
the  genus  now  living  on  the  globe  have  been  grouped. 

EXPLANATION  OF  PLATE  XV. 

Finite*  hexagonua^  gp.  nov.,  natural  size,  and  outline  restoration  from  the  epectmcD 
m  the  cabinet  of  J.  8.  GardaeT,  Ea;^.,  F.Qt.^.\  (3A.>d^  FoULoatoae. 
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rV. — On  Changes  of  Climate  btjbing  the  Glacial  Epoch. 

By  Jambs  Geikib,  F.B.S.E., 
District  Surreyor  of  the  Geological  Sarrey  of  Scotland, 

IHrst  Paper, 

IF  one  were  asked  to  put  into  a  few  words  the  general  results 
which  have  been  arrived  at  from  a  study  of  the  Glacial  deposits, 
he  would  probably  say  that  these  deposits  gave  evidence  of  a  severe 
Arctic  condition  of  things  having  obtained  in  this  country, — ^that  the 
gradual  approach  of  this  Arctic  climate  caused  the  disappearemce 
from  our  area  of  the  fauna  and  flora  which  had  previously  charac- 
terized it, — ^that  during  the  continuance  of  the  cold  in  Britain 
several  species  of  mammalia  appear  to  have  died  out  in  the  more 
southern  regions  of  Europe,  whither  they  had  migrated, — and  that 
it  was  not  until  after  our  climate  had  become  greatly  ameliorated 
that  these  islands  were  visited  by  what  are  termed  the  "Post-glacial 
mammalia,"  several  species  of  which,  however,  had  been  denizens 
of  Britain  and  northern  Europe  in  Pre-glacial  times.  In  short,  our 
island,  throughout  the  Glacial  period  proper,  is  commonly  supposed 
to  have  remained  a  barren  waste  of  snow  and  ice.  But  the  evidence 
which  has  been  accumulating  during  recent  years  will  compel  us,  I 
believe,  to  modify  materially  these  general  inferences.  So  far  from 
the  Glacial  epoch  having  been  one  long  continuous  age  of  ice,  it 
would  appear  to  have  been  broken  up  by  many  intervening  periods 
of  less  Arctic,  and  even  temperate  conditions,  during  which  the 
snow  and  ice  disappeared  from  our  low  grounds,  and  the  glaciers 
shrunk  back  into  our  mountain  valleys.  I  speak,  of  course,  of 
that  portion  of  the  Glacial  epoch  which  was  antecedent  to  the 
general  submergence,  and  is  represented  by  the  Till  or  Boulder-clay 
of  Scotland.  In  this  short  paper  I  propose  to  give  an  outline  of  the 
facts  upon  which  these  conclusions  are  based.  But  before  doing  so 
it  may  be  well  to  point  out  the  order  of  succession  of  the  Scottish 
drift  deposits,  which  is  now  no  longer  a  matter  of  dispute.  Begin- 
ning with  the  lower  beds,  we  have  the  following  sequence ; — 

1.  Boulder-clay  or  Till,^  with  subjacent  and  intercalated  beds  of 

1  Under  this  head  I  include  those  unstratified,  more  or  less  tenacious  deposits  of 
clay,  which  are  so  abundantly  charged  with  well-polished  and  striated  stones.  They 
are  all  clearly  of  older  date  than  the  Kame  and  brick-clay  series.  I  thought  at  one 
time  that  the  less  tenacious  Till-beds  might  possibly  be  of  later  date  than  the  tougher 
and  harder  stony  clays  :  but  subsequent  inrestieation  has  shown  that  such  is  not  the 
case.  The  character  of  the  Till  depends  in  large  measure  upon  the  nature  of  the 
rocks  to  the  demolition  of  which  it  owes  its  origin ;  and  also  in  some  degree  to  the 
pressure  of  the  ice  under  which  it  was  formed.  There  is  a  coarse  moraine- like 
accumulation  of  earthy  clay  full  of  rough  unpolished  angular  blocks  and  debris,  but 
with  only  a  few  scratched  stones,  which  has  sometimes  been  called  Boulder- clay. 
But  this  deposit  is  clearly  posterior  in  date  to  the  true  Till,  and  belongs  to  the  upptT 
drift  series.  Again,  some  of  our  later  glacial  brick-clays  contain  scattered  stones, 
many  of  which  are  striated.  These  clays,  if  met  with  in  the  more  southerly  districts 
of  England,  would  probably  be  called  Boulder-clays :  in  Scotland  they  are  all  of 
marine  origin. 
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gravel,  sand,  clay,  silt,  and  mud ;  containing  in  plaoes  Arctic  ahellB, 
and  sometimes  mammalian  remains. 

2.  Beds  of  gravel,  sand,  brick-clay,  silt,  and  mud,  with  Arctic  and 
Boreal  shells  abundant  in  maritime  districts.  Heaps  of  nnstratified 
or  crudely  stratified  earth  and  clay,  with  abundant  angular  nn- 
polished  blocks  and  debris.  The  sand  and  gravel -beds  frequently 
assume  the  form  of  Eames  or  Eskers.    Erratic  blocks. 

3.  Moraines,  and  raised  beaches. 

So  much  has  already  been  written  about  the  origin  of  the  Soottish 
Till  or  Boulder-clay,  that  it  is  perhaps  almost  superflaous  to  return 
to  this  subject.  There  are  still  some  geologists,  howeTer,  who  hen- 
tate  to  accept  what  appears  to  be  the  more  generally  received 
opinion,  namely,  that  the  Till  has  been  formed  and  accumulated 
below  a  mer  de  glace.  Quite  recently  Mr.  Milne  Home  has  sought  to 
resuscitate  the  iceberg  hypothesis,  and  has  collected  a  large  amount  of 
evidence  in  support  of  this  once  favourite  theory.  He  seems  to  me, 
however,  not  to  have  sufficiently  distinguished  between  the  various 
kinds  of  drift.  It  is  admitted  that  during  the  deposition  of  the  second 
group,  mentioned  above,  icebergs  played  a  prominent  part,  but  the  large 
erratic  blocks,  which  are  scattered  up  and  down  the  country,  together 
with  the  whole  of  the  Eame  series,  belong  to  a  later  date  than  the 
accumulation  of  the  Boulder-clay  or  Till.  There  is  no  fact  about 
which  one  can  be  more  positive  than  this.  But  some  of  my  geo- 
logical friends  who  reject  the  iceberg  theory  yet  find  much  difficulty 
in  admitting  the  feasibility  of  the  views  held  by  Professor  Agassiz 
and  others.  They  cannot  conceive  how  any  accumulation  of  day 
and  stones  could  take  place  underneath  a  mass  of  moving  ice.  The 
ice-sheet,  according  to  their  notion,  must  always  have  scraped  along 
the  surface  of  the  bare  rock,  and  the  debris  derived  from  this 
scraping-process  would,  they  think,  be  dragged  along  and  pushed 
out  from  below  the  ice-sheet  upon  the  bottom  of  the  sea.  So  that  if 
at  any  time  during  the  period  of  greatest  glaciation  the  ice  could 
suddenly  liave  been  peeled  off"  the  surface  of  the  land,  nothing  but 
bare  rock  would  have  been  visible,  from  the  highest  points  rubbed 
by  the  ice  down  to  the  margin  of  the  sea.  According  to  this  theory, 
tlie  Till  could  only  have  been  deposited  during  a  period  of  subsidence 
—the  Bouklor-clay  at  the  higher  levels  of  the  country  having  been  the 
last  to  be  laid  down.  It  cannot  bo  denied  that  this  hypothesis  has  a 
plausil)le  appearance,  and  that  it  does  away  with  many  difficulties 
wliich  the  icel)erg  theory  fails  to  remove.  But  it  still  leaves  much 
unexplained,  and  is  moreover  opposed  to  so  many  well-known  facts, 
tliat  it  cannot,  I  lliink,  be  maintained. 

It  would  lead  nie  too  far  away  from  the  matter  more  immediately 
in  hand  were  I  to  attempt  to  show  in  detail  how  this  hypothesis 
conies  short  of  what  is  wanted.  One  or  two  points,  however,  may 
bo  mentioned,  which  appear  quite  enough  for  this  purpose.  And, 
first,  it  may  be  remarked  that  if  the  Scottish  Boulder-clay  be  neither 
iceberg  droppings  nor  terminal  moraine  matter  (at  least  in  the  same 
sense  as  the  debris  at  the  foot  of  an  Alpine  glacier  is),  but  has 
actually  been  derived  from  the  wear  and  tear  of  the  rockhead  under- 
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neath  the  ioe»  then  it  is  hard  to  see  what  difficulty  lies  in  the  way  of 
accepting  Agassiz's  theory.  For  since  Boulder-clay  was  formed 
below  the  mer  de  glaee^  there  must  always  have  been  a  certain 
amoant  of  it  underlying  the  ice,  which,  upon  the  melting  of  that 
ice,  would  be  exposed,  the  presence  of  the  sea  not  being  at  all  neces- 
saiy  to  its  accumulation.  As  a  matter  of  fact.  Boulder-day  occurs 
on  the  tops  of  hills  which  are  quite  isolated  and  separated  by  broad 
deep  valleys  from  other  high  grounds.  Thus,  on  the  tops  of  the 
Ochils,  which  it  will  be  remembered  divide  the  broad  basin  of  the 
Forth  from  that  of  the  Tay,  I  have  met  with  Boulder-clay  at  a 
height  of  1600  feet  above  the  sea.  Upon  the  watershed  of  the 
Benfrewshire  uplands,  also,  I  have  seen  very  respectable  accumula- 
tions of  typical  Till,  filling  up  the  hollows  of  tbe  hills,  and  even 
capping  some  of  the  broader-topped  eminences  themselves.  The  same 
deposit  was  observed  by  my  colleague,  Mr.  CroU,  on  the  very  crest 
of  the  Pentland  Hills  at  a  height  of  1617  feet^  My  brother  also  men- 
tions the  occurrence  of  numerous  striated  stones — the  wreck  of  the 
Boulder-clay — near  the  top  of  Tinto  Hill,  in  Lanarkshire.  Now  all 
the  hills  referred  to  (and  many  other  localities  might  be  enumerated) 
are  more  or  less  isolated  heights  rising  up  from  that  broad  tract  of 
low  ground  which  separates  the  Highlands  of  the  north  from  the 
pastoral  uplands  of  the  south  of  Scotland. 

According  to  the  hypothesis  I  at  present  refer  to.  Boulder-clay, 
although  produced  upon  the  land,  could  only  have  been  deposited  in 
the  sea.  Consequently,  wherever  Boulder-clay  is  found,  there  we 
must  infer  the  seaward  margin  of  the  ice-sheet  to  have  been.  But 
if  we  in  imagination  depress  below  the  sea  the  isolated  heights  just 
mentioned,  we  may  well  ask  whence  the  glaciers  could  have  come 
which  are  supposed  to  have  pushed  the  TUl  forwards  and  upwards 
upon  those  hills.  A  submergence  sufficient  to  have  carried  down 
below  the  waves  the  Ochil  Hills,  the  Pentland  Hills,  Tinto  Hill,  and 
the  Renfrewshire  uplands,  must  have  drowned  all  Scotland  between 
the  northern  Highlands  and  the  southern  uplands.  It  is,  therefore, 
physically  impossible  that  the  Boulder-clay  lying  on  the  crests  of 
the  hilly  districts  of  central  Scotland  could  have  been  deposited  there 
from  the  snouts  of  glaciers  entering  the  sea.  A  glance  at  the  map 
of  Scotland  will  satisfy  any  one  of  this.  Take,  for  example,  that 
section  of  the  Ochils  which  overlooks  the  valley  of  the  Earn.  Tliese 
hills,  as  already  remarked,  separate  the  basin  of  the  Tay  from  that 
of  the  Forth,  nevertheless  the  Till  on  their  crests  and  slopes  reaches 
in  places  a  considerable  thickness,  and  contains  many  boulders  of 
mica-schist  and  other  Highland  rocks,  intermingled  with  numerous 
fragments  of  Old  Red  Sandstone,  and  the  various  igneous  rocks  of 
which  the  hills  themselves  are  composed.  There  can  be  no  manner 
of  doubt,  therefore,  that  the  ice  which  deposited  this  stony  clay  came 
from  the  north — that  it  crossed  the  basin  of  the  Tay,  and  thereafter 
surmounted  the  Ochils,  and  made  its  way  into  the  valley  of  the  Leven. 
If  the  Ochil  Hills  were  depressed  to  the  highest  level  attained  by 

^  This  was  on  the  top  of  Allermair  Hill.    The  clay  contained  fragments  of  mica- 
schist  and  sereral  other  rocks,  none  of  which  belonged  to  the  hill  itself. 
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the  Till,  a  broad  sea  would  separate  the  few  tops  remaining  aboTe 
water  from  the  Grampian  mountains,  whence  no  small  proportioii 
of  the  stones  in  the  Till  referred  to  have  been  derived.  How,  then, 
could  this  Boulder-clay  be  deposited  from  the  seaward  margin  of  the 
ice-sheet  ?  In  this  instance  Uie  exploded  iceberg  theory  has  more  to 
commend  it  as  an  explanation  of  the  facts  than  the  hypothesis  under 
review.  This  latter  hypothesis  is  no  less  irreconcilable  with  the 
appearances  presented  by  the  Boulder-clay  of  the  southern  uplandi 
Let  tliose  regions  be  submerged  so  as  to  bring  all  the  Till-covered 
portions  below  the  level  of  the  sea,  and  we  shall  find  only  a  few 
scattered  liill-tops  left  as  islets,  not  one  of  them  large  enough  to 
nourish  a  glacier  of  sufficient  extent  to  accumulate  and  deposit 
Boulder-clay  at  tiie  high  levels  which  it  now  occupies. 

During  a  period  of  subsidence,  as  the  area  of  the  land  became 
more  and  more  contracted,  both  snow-fields  and  glaciers  would  like- 
wise diminish  in  extent ;  glaciers  would  cease  to  ride  over  the  minor 
elevations,  and  would  be  restricted  to  narrower  valleys ;  some  of  the 
steeper  bill-sides  would  be  unoovered,  and,  breaking  up  under  the 
influence  of  the  frost,  would  shower  down  upon  the  surface  of  the 
glaciers  heaps  of  broken  rocks  and  debris.  This  rubbish,  eventually 
reaching  the  ends  of  the  glaciers,  would  be  shot  forward  into  the 
sea.  Supposing,  therefore,  that  the  Till  had  been  depositeil  on  the 
sea-bottom  during  a  i)eriod  of  subsidence,  we  ought  to  find  this 
deposit,  as  we  approach  its  upper  limits,  becoming  coarser  and 
earthier,  and  more  and  more  charged  with  rough  angular  blocks  and 
dc'l)ris,  8ci*atohcd  stones  being  in  the  minority.  But  nothing  of  the 
kind  takes  place.  The  Till  at  the  very  highest  levels  is  identical  in 
structure  and  composition  with  the  same  dej^osit  in  the  botti.^ms  of 
the  valleys  in  central  Scotland — the  stones  it  contains  are  not  less 
well  polished  and  striated,  and  rough  unsmoothed  angular  blocks  and 
debris  oecur  just  as  seldom. 

The  only  theory  which  seems  to  satisfy  all  the  requirements  of 
our  ]>resent  knowledge  is  that  so  long  ago  advanced  by  Agassiz. 
Every  part  of  Scotland,  w^ith  the  possible  exception  of  a  few  peaks 
or  tijis  of  some  of  the  loftier  mountains,  has  certainly  been  buried 
underneath  snow  and  ieo.  This  mer  dt*  glace  must  have  levelled  up 
the  valleys  and  occupied  all  the  fiords,  sounds,  and  shallow  seas 
around  our  island.  Below  this  deep  sea  of  ice  hill-slopes  were 
ground  and  ])olislied.  valleys  were  deepened  and  smoothed,  and  the 
wreck  and  rubhish  resulting  from  all  this  work  gathered  unequally 
below  tlie  ice,  according  as  the  direction  and  pressure  of  the  superin- 
cunihent  mass  determined.  On  steep  slopes,  where  the  motion  of  the 
ice  wouM  be  more  rapid,  the  clay  and  stones  would  not  readily  collect, 
but  as  the  ice  crept  across  the  low  ground  deep  accumulations  of  such 
waste  materials  would  begin  to  thicken  below  it.  It  is  not,  of  course. 
pu]»j)os(mI  that  liouhler-clay  continued  to  increase  to  an  indefinite 
thiekness,  nor  that,  having  been  once  formed,  it  remaine<l  at  rest 
]>eloNv  the  ice.  If  such  had  been  the  case,  it  would  be  difticult  to 
see  how  the  ice  could  have  had  much  denuding  efiect  upon  the  sub- 
jacent rocks ;  for  the  moment  that  a  layer  of  Till  had  been  formed 
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between  the  ioe  and  the  rook,  the  tear  and  wear  of  the  latter  would 
cease.  But  when  we  bear  in  mind  the  vast  weight  of  the  moving 
mass  of  ioe,  we  need  surely  have  no  difficulty  in  conceiving  how 
this  ioe-sheet  must  have  acted  upooi  the  Boulder-clay  much  in  the 
same  way  as  a  river  acts  upon  the  detritus  in  its  bed.  For  just 
as  a  stream  will  sometimes  pile  up  long  banks  of  mud,  sand,  and 
gravel,  and  after  a  time  sweep  these  away  again,  so  the  old  ice-sheet 
must  frequently  have  ploughed  out  the  materials  which  gathered 
below  it,  and  squeezed  and  pushed  them  from  one  position  to  an- 
other. There  is  plenty  of  evidence  to  show  that  the  ice  which  moved 
over  the  central  districts  of  Scotland  waa  ever  and  anon  deflected — 
now  towards  the  south  by  the  powerful  current  of  ice  that  set  in 
from  the  Highlands,  now  to  the  north  by  the  strong  current  that 
swept  outw£uxls  from  the  southern  uplands^  During  such  changes 
in  tfie  course  of  the  ice-flow,  the  underlying  Boulder-clay  would 
come  to  be  shifted  about  by  the  varying  direction  and  pressure  of 
the  ioe.  Again,  there  are  wide  districts  in  the  Lowlsuids  where 
Boulder-clay  either  does  not  occur  at  all,  or  is  represented  by  only 
a  few  little  peitches;  nor  is  this  always,  or  even  often  the  result  of 
subsequent  aqueous  denudation.  The  deposition  of  the  Till  has 
been  much  less  continuous  and  wide-spread  than  is  generally  be- 
lieved ;  but  the  evidence  on  this  head  can  hardly  be  given  here. 

But  even  if  it  be  admitted  that  Till  not  only  was  formed,  but  also 
accumulated  underneath  the  ioe,  being  dragged  and  squeezed  forward 
from  one  part  of  the  bed  of  the  mer  de  glace  to  another,  how,  it  may 
be  asked,  can  we  account  for  the  presence  below  and  in  the  Bouldcr- 
olay  itself  of  gravel,  sand,  and  clay  ?  How  have  the  beds  below  the 
Till  escaped  destruction,  and  in  what  manner  did  that  Till  come  to 
contain  accumulations  of  water-assorted  materials?  The  beds  to 
which  I  allude  have  long  been  known  to  geologists,  but  their  occur- 
rence has  generally  been  looked  upon  as  quite  exceptional,  and  the 
deposits  themselves  of  too  trifling  an  extent  to  merit  much  attention. 
But  a  wider  aoquaintance  with  the  superficial  deposits  has  taught 
us  that  the  stratified  beds  of  the  Boulder-clay  are  neither  so  excep- 
tional nor  so  insignificant*  They  occur  not  only  very  frequently, 
but  often  attain  a  thickness  of  many  feet,  or  even  fathoms.  Mere 
lines  of  sand  and  gravel  might  perhaps  be  ignored  or  explained 
away ;  but  when  we  come  to  deal  with  deposits  upwards  of  thirty 
or  seventy  feet  and  more  in  thickness,  it  is  evident  we  can  no  longer 
consider  them  in  the  light  of  accidental  accompaniments  of  the 
Boulder-clay  in  which  they  occur.  Yet  it  needs  only  a  very  super- 
ficial examination  to  assure  one  that  the  intercalated  beds  are 
merely  the  wrecks  of  what  they  must  at  one  time  have  been.  Over 
and  over  agsdn  we  find  them  twisted,  bent,  crumpled,  and  confused, 
often  in  the  wildest  manner.  Layers  of  clay,  sand,  and  gravel, 
which  must  have  been  deposited  in  a  nearly  horizontal  plane,  are 
puckered  into  folds,  and  sharply  curved  into  vertical  positions.  I 
have  seen  whole  beds  of  sand  and  clay  which  had  all  the  appearance 
of  having  been  pushed  forward  bodily  for  some  distance,  the  bedding 
assuming  the  most  fftntastic  appearance.    But  the  intercalated  beds 
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have  not  been  crumpled  only ;  they  are  everywhere  cut  throogfa  by 
the  overlying  Boulder-clay,  and  large  portions  have  been  canied 
away.  Indeed,  when  we  compare  the  bulk  of  these  beds  with  that 
of  the  Till,  we  must  at  once  idlow  that  they  form  but  a  small  fho- 
tion  of  the  glacial  deposits.  But  the  geological  importance  of  a 
deposit  is  not  usually  measured  by  its  bulk.  In  exposed  positions, 
such  as  hill -tops  and  hill -slopes,  the  Boulder-clay  never  contains 
intercalated  beds,  nor  do  these  often  occur  save  as  interrupted  and 
fragmentary  patches  in  places  which  appear  to  have  been  open  to  the 
full  sweep  of  the  ice-currents. 

It  is  in  the  numerous  small  tributary  valleys,  whose  trend  is  often 
at  right  angles  to  the  path,  followed  by  the  ice,  that  the  intercalated 
beds  of  the  Boulder-clay  attain  their  best  development.  Nor  is  it 
difficult  to  see  why  this  should  be  so.  The  ice-sheet  which,  as  we 
know,  flowed  along  the  principal  valleys,  must  frequently  have 
crossed  the  lateral  and  subsidiary  valleys  at  an  angla  In  the  main 
valleys  the  glacier  mass  would  exert  its  full  influence,  but  it  would 
not  be  able  to  do  so  in  the  narrow  lateral  valleys  and  ravines.  The 
ice  and  Boulder-clay  would  merely  topple  into  the  glens  referred  to, 
and  gradually  choke  them  up,  and  the  main  mass  of  the  glacier  would 
then  pass  on  over  the  whole.  There  could  be  little  or  no  glacial 
erosion  in  the  beds  of  these  valleys,  consequently  any  superficial  de- 
posits they  might  contain  would  be  preserved.  And  such  in  point  of 
fact  is  the  case.  Many  of  the  lateral  streams  which  feed  the  principal 
rivers  are  found  to  flow  in  deep  rocky  channels,  which  have  either 
been  partially  or  entirely  eroded  since  the  close  of  the  Glacial  epoch. 
And,  curiously  enough,  these  newer  river-cuts  frequently  intersect 
the  pre-Glacial  and  inter-Glacial  ravines  which  are  seen  to  be 
entirely  filled  u])  with  successions  of  Boulder-clay  and  sand,  silt, 
and  gravel.  In  the  mining  operations  of  our  coal-fields,  not  a  few 
obliterated  water-courses  have  been  traced  out,  often  for  long  dis- 
tnucos,  in  the  underground  workings,  the  coal-seams  being  mined 
up  to  the  edge  of  the  buried  ravines.  There  is  often  nothing  at  the 
surface  of  the  ground  to  indicate  that  a  buried  valley  lies  under- 
neath. A  wide  pall  of  Boulder-clay  usually  stretches  across  the 
whole  district,  and  were  it  not  for  stream  cuttings  and  mining  opera- 
tions, we  should  cei-tainly  never  have  guessed  the  existence  below  of 
old  deserted  water-courses,  over  the  sites  of  which  whole  hills  of 
Boulder-clay  arc  sometimes  piled  up. 

It  can  easily  be  seen  that  these  mvines  have  not  been  filled  up  all 
at  once.  Tlie  beds  of  sand  and  silt  which  they  contain  are  frequently 
finely  stratified,  and  layers  of  gravel  and  coarse  shingle  often  alter- 
nate with  the  finer  materials.  Interstratified  with  these  deposits 
come  masses  of  Boulder-clay,  the  stones  in  which  are  well  polished 
and  scratched.  By  successive  accumulations  of  all  these  beds,  the 
old  ravines  and  valleys  were  slowly  and  gradually  levelled  up  and 
ol)literated.  There  were  thus  distinct  pauses  in  the  formation  and 
deposition  of  the  Till. 

The  intercalated  beds  consist,  as  I  have  just  said,  of  silt,  clay, 
sand,  and  gravel — sometimes  the  coarser,  and  at  other  times  the  finer 
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grained  ingredients  predominating.  In  certain  looalities  they  have 
3rielded  Arctic  shells  of  species  identical  with  those  which  occnr  so 
abundantly  in  the  later  Glacial  deposits  of  our  maritime  regions.  It 
is  quite  certain,  therefore,  that  some  inter-Glacial  beds  are  of  marine 
origin.  Examples  of  such  marine  shell-bearing  beds  occur  at 
Airdrie  overlain  by  Boulder-clay  ;  more  recently  similar  deposits 
have  been  met  with  in  the  Till  near  Greenock ;  and  other  localities 
might  be  named.  But  some  inter-Glacial  beds  are  no  less  certainly 
of  freshwater  origin.  A  few  years  ago  I  described  in  this  Magazine^ 
a  very  interesting  section  at  Crofthead,  which  showed  most  clearly 
a  set  of  lacustrine  beds  resting  upon  and  covered  by  the  Till.  From 
these  beds  the  skull  of  Bos  prtmigentw  and  other  mammalian  remains 
were  obtained.  Thin  layers  of  peat  occurred  here  and  there  in  the 
sandy  silt.  I  need  only  remind  the  geologist  that  other  mammalian 
remains,  such  as  the  Mammoth  and  the  Beindeer,  have  been  met  with, 
either  below  or  in  the  Till  of  other  districts  in  Scotland. 

It  may  be  as  well  to  remark,  in  passing,  that  we  can  seldom  be 
certain  that  beds  of  sand  and  gravel  underlying  the  Till  are  neces- 
BarQy  of  pre-Glacial  age.  We  can  only  say  that  they  are  older  than 
the  mass  of  Till  by  which  they  are  covered.  Pre-existing  masses  of 
Boulder-clay  may  have  been  removed  before  the  beds  referred  to 
were  laid  down.  Unless  they  occur  in  those  deep  buried  ravines 
which  have  intersected  the  path  of  the  ice-sheet,  I  should  be  very 
doubtful  of  their  pre-Glacial  age ;  and  even  in  such  sheltered  nooks 
we  cannot  be  at  all  sure  that  their  deposition  preceded  that  of  the 
true  Glacial  beds.  For  in  the  intervals  between  the  accumulation  of 
successive  masses  of  Till,  the  erosion  in  ravines  and  valleys  by  water 
action  must  have  been  excessive.  Thus,  bearing  in  mind  the  many 
successive  descents  of  the  glaciers  from  the  high  grounds  to  the  sea, 
and  the  intervening  periods  of  aqueous  erosion,  it  is  exceedingly  un- 
likely that  any  pre-Glacial  accumulations  whatever  have  been  pre- 
served in  Scotland.  I  would  therefore  include  all  the  deposits  that 
underlie  or  are  intercalated  with  the  Boulder-clay  under  the  same 
head.  But,  as  will  be  seen  in  the  sequel,  it  is  of  no  consequence,  so 
far  as  the  views  which  I  support  are  concerned,  whether  the  under- 
lying deposits  be  considered  of  pre-Glacial  or  of  inter-Glacial  age. 

The  freshwater  origin  of  many  of  the  intercalated  beds  can  be 
made  out  even  in  the  absence  of  fossils.  The  materials  of  which 
these  beds  consist  are  arranged  precisely  as  we  should  expect  them 
to  have  been  by  streams  and  rivers — ^the  "lie"  of  the  gravel-stones, 
and  the  dip  of  the  bedding,  showing  that  the  water  which  pushed 
the  detritus  along  must  have  flowed  in  a  direction  down  the  valleys 
in  which  these  deposits  occur.  Besides  such  distinctly  fluviatile 
accumulations,  we  also  find  in  the  upper  reaches  of  our  valleys 
laminated  brick-clays  resting  in  little  basin-shaped  hollows  of  the 
Till,  and  clearly  covered  over  by  the  same  deposit.  In  these  may 
sometimes  be  detected  thin  lines  of  peat,  like  those  of  the  Crofthead 
section,  and  the  general  appearance  of  the  deposits  themselves  be- 
tokens a  lacustrine  origin.     In  the  lower  reaches  of  our  broad  open 

1  VoL  V.  p.  898. 
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yalleys,  the  intercalated  beds  of  the  Till,  although  exceedingly 
fragmentary,  yet  appear  frequently  (not  always)  to  have,  if  I  may 
80  express  it,  a  marine  aspect.  I  may  just  add,  that  intercalated 
beds  occur  at  all  levels  in  our  valleys,  up  to  the  highest  limits 
reached  by  the  Till. 

From  the  facts  thus  briefly  indicated,  we  are  entitled  to  conclude  that 
that  section  of  the  Glacial  epoch  which  is  represented  by  the  Scottish 
Boulder-clay  was  not  one  long  unbroken  age  of  ice.  It  was  certainly 
interrupted  by  several  intervening  periods  of  less  Arctic  conditions, 
during  the  prevalence  of  which  the  ice-sheet  must  gradually  have 
melted  away  from  the  low  grounds,  and  given  place  to  streams  and 
lakes  and  rivers.  At  such  periods  a  vegetation  like  that  of  cold  tern* 
perate  regions  clothed  the  valleys  with  grasses  and  heaths,  and  the  hill- 
sides with  pine  and  birch.  Reindeer  wandered  across  the  country, 
while  herds  of  the  great  ox  and  the  mammoth  frequented  the  grassy 
vales.  If  one  might  draw  conclusions  from  the  aspect  of  the  few  fossil 
remains  which  have  been  disinterred  from  the  Boulder-clay  deposits, 
he  might  compare  Scotland  during  the  inter-Olacial  periods  to  that 
tract  of  country  which  extends  along  the  extreme  southern  limits  of 
the  "  barren  grounds'*  of  North  America — a  region  where  a  few  firs 
and  other  hardy  trees  cover  the  drier  slopes,  and  where  carices  and 
grasses  grow  luxuriantly  enough  in  the  sheltered  valleys — those 
favourite  breeding-places  of  the  reindeer  which  roam  over  the 
dreary  deserts  to  the  north.  Whether  during  any  of  our  inter- 
Olacial  periods  the  climate  was  ever  mild  enough  to  melt 
away  all  the  ice  and  snow  from  our  Highland  valleys,  the  record 
does  not  say.  What  evidence  we  have  points  to  the  existence  of 
local  glaciers  in  our  higher  valleys — to  moderate  summers  and 
severe  winters — during  such  inter-Glacial  periods  as  we  have  any 
certain  records  of.  Nor  must  we  forget  the  evidence  supplied  by 
the  moUusca  of  some  intor-Glacial  beds.  At  the  time  these  shells 
frequented  our  coasts,  Scotland  could  hardly  have  had  other  than  an 
Arctic  climate. 

And  yet  we  might  be  committing  a  grave  error  were  we  to  assume 
that  Scotland,  during  inter-Glacial  times,  never  enjoyed  milder  con- 
ditions than  now  obtain  in  the  forest  regions  and  barrens  of  North 
America.  We  must  ever  bear  in  mind  that  the  inter- Glacial  deposits 
are  the  veriest  fragments.  They  have  been  preserved  only  in  sheltered 
hollows  from  the  ravages  of  the  great  ice-plough,  and  the  interrupted 
and  patchy  portions  that  remain  are  mere  wrecks  of  what  must  once 
have  been,  in  the  broader  valleys,  widespread  and  continuous  de- 
posits. Every  renewed  descent  of  the  glaciers  upon  the  low  ground 
would  tend  to  effect  the  removal  of  these  accumulations,  and  it  may 
well  be  that  of  many  inter-Glacial  periods  not  a  single  representative 
deposit  now  remains.  Even  during  the  inter-Glacial  periods  them- 
selves, the  streams  and  rivers  would  help  to  clear  away  and  redis- 
tribute those  beds  of  sand,  gravel  and  silt  which  the  glaciers  had 
spared ;  just  as  in  our  own  day  the  streams  are  gradually  excavating 
and  washing  away  the  materials  which  fill  up  old  pre-Glacial  and 
inter- Glacial  ravines  and  water-courses.     Moreover,  we  must  not 
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forget  tliat  if  reallj  warm  dimatea  ever  did  supervene  daring  inter- 
Glacial  times,  every  such  warm  period  must  have  been  followed  by 
temperate,  cold-temperate,  and  Arctic  conditions.  And  these  last 
would  consequently  be  the  most  fully  represented  of  the  series. 

So  far,  then,  as  the  Scottish  Glacial  drifts  are  concerned,  there  is 
no  evidence  whatever  to  show  that  the  inter-Glacial  periods  may  not 
have  been  warm  enough  at  times  to  cause  all  the  snow  and  ice  to 
disappear  from  the  country.  Whether  we  shall  ever  obtain  any 
decisive  evidence  on  this  head  will  probably  depend  upon  the  assi- 
duity with  which  the  inter-Glacial  deposits  are  examined.  The  Till 
was  for  many  years  looked  upon  as  an  Azoic  deposit,  and  only  a  very 
few  hammerers  continued,  Micawber-like,  to*  hope  for  "  something 
turning  up."  I  believe  that  mammalian  remains  have  been  oftener 
obtained  from  the  beds  in  the  Boulder-clay  during  shaft-sinking  and 
other  mining  operations  than  geologists  are  aware  of.  While  carry- 
ing on  the  G^logical  Survey  of  the  Scottish  Coal-fields,  I  have 
frequently  heard  of  "bones**- and  "horns"  having  been  met  with  by 
the  workmen  in  sinking  through  the  deep  drifts.  These  relics,  un- 
fortunately, have  almost  invariably  been  lost  or  mislaid ;  but  there 
can  be  little  doubt,  from  the  descriptions  that  were  given  to  me  by 
intelligent  overs^rs,  that  the  relics  were  true  fossils,  and  still  loss 
doubt  that  these  fossils  were  obtained,  not  in  recent  alluvial,  but  in 
Glacial  deposits.^ 

V. — Notes  on  the  Gsoloot  of  Part   of  Co.  Donboal,  Ireland. 

By  A.  H.  G&BEN,  M.A.,  F.G.S. 

IN  the  early  part  of  this  year  I  paid  a  visit  to  the  north-western 
part  of  Donegal.  My  stay  was  short  and  my  time  too  much 
taken  up  with  other  matters  to  allow  of  detailed  geological  work ; 
but  there  were  two  things  that  at  once  attracted  the  attention  of  the 
most  casual  observer,  the  bedded  character  of  the  granite,  and  the 
traces  of  former  wide-spread  glaciation.  To  these  I  gave  such  time 
as  I  could,  and  on  my  return  threw  my  notes  into  a  paper  which  was 
read  before  the  (Geological  Society  of  London.  On  seeing  my  paper, 
Mr.  B.  H.  Scott  had  the  kindness  to  send  me  copies  of  two  papers 
of  his  own  and  of  a  report  by  himself.  Sir  E.  Griffith,  and  Professor 
Haughton,  on  the  Donegal  Granit-es,  in  which,  among  other  matters, 
.  the  bedded  character  of  these  rocks  was  pointed  out.' 

^  Descriptions  of  inter-Glacial  deposits  will  be  fonnd  in  "  Glacial  Drift  of  Scotland,** 
by  A.  Geikie,  Glasgow  Geol.  Soc,  vol.  i.,  part  ii. ;  "  On  tbe  Surface  Geology  of  the 
District  roand  Glasgow,"  by  James  Bennie,  Glasgow  Geol.  Soc.»  vol.  iii.,  part  i. ; 
"  On  Two  River  Ctuinnels  buried  under  Drift,"  etc.,  by  James  Croll,  Edinburgh  GeoL 
Soc.,  ToL  i.,  part  iii. ;  "  On  the  Discovery  of  a  Sand  Dyke,"  etc.,  by  Robert  Dick, 
Edinburgh  Geol.  Soc,  vol.  i.  part.  ilL ;  Explanation  of  Sheet  24,  Geol.  Survey  of 
Scotland,  etc.,  etc. 

»  On  the  Granitic  Rocks  of  Donegal.  By  R.  H.  Scott,  M.A.  Dublin :  Printed  at 
the  University  Frees.  Part  1,  1862 ;  Part  2,  1863.— On  the  Chemical  and  Minera- 
logical  Constitution  of  the  Granites  of  Donegal,  and  of  the  Rocks  associated  with 
them.  By  a  Committee,  consisting  of  Robert  U.  Scott,  Sir  R.  Griffith,  Bart.,  and 
the  Re^  S.  Haughton,  M.D.,  F.R.S.,  appointed  at  the  Manchester  Meeting  of  the 
British  Asaodationy  1861. 
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Then  I  saw  that  I  had  found  oat  nothing  new — ^which  was  at  first 
disappointing — but,  also,  that  I  had  good  names  on  my  side,  whidi 
was  comforting ;  but  it  seemed  to  me  that  there  might  still  be  some 
use  in  publishing  my  paper,  because  the  papers  mentioned  an 
mainly  mineralogical,  and  the  fact  that  the  granite  is  bedded,  thou^ 
most  strongly  insisted  on,  comes  out  in  them  somewhat  incidentally; 
because  I  flattered  myself  that  it  was  just  worth  while  putting  on 
record  that  I  had  independently  come  to  the  same  conclusion  as 
previous  observers ;  and,  lastly,  because  I  wished,  even  at  the  risk 
of  tiresome  iteration,  to  recall  the  attention  of  geologists  to  a  district 
so  eminently  suited  to  throw  light  on  the  vexed  question  of  the 
metamorphic  origin  of  certain  granites. 

My  head-quarters  were  at  Dunlewey,  in  the  north-west  comer 
of  the  county.  The  general  structure  of  the  country  and  lie  of  the 
rocks  is  shown  in  the  section.  Fig.  1.  While  I  believe  the  section  to 
be  correct  £U9  far  as  the  order  in  which  the  rocks  occur,  I  should  not 
wish  to  commit  myself  positively  to  the  statement  that  the  quartz- 
rock  of  Errigal  is  the  lowest,  and  the  granite  the  highest,  of  the 
rocks  shown  on  it.  The  dip  is  everywhere  so  steep,  the  folds  so 
sharp  and  sudden,  and  the  possibility  of  inversion  so  great,  that  the 
reverse  may  be  the  case.  It  was  mainly  on  physical  grounds  that  I 
considered  the  order  of  superposition  to  be  that  adopted :  the  abrupt 
westerly  face  of  Errigal  has  so  much  the  look  of  an  escarpment,  and 
its  less  steep  easterly  side  so  much  of  the  character  of  a  dip-slope, 
that,  after  considerable  hesitation  as  to  which  was  the  highest  and 
which  the  lowest  rock  in  the  district,  I  at  last  thought  it  most 
probable,  mainly  on  tlie  above  ground,  that  the  dip  was  on  the  whole 
towards  the  east,  and  the  rocks,  therefore,  in  that  quarter  the  highest 
in  the  series. 

Whether  this  or  the  reverse  be  the  case,  however,  matters  little  to 
the  main  object  I  have  in  view;  the  arguments  I  shall  bring  forward 
in  favour  of  the  bedded  character  of  the  granite  will  hold  equally 
good,  whether  that  rock  bo  the  highest  or  lowest  in  the  district ;  at 
the  same  time,  if  this  granite  can  be  shown  to  overlie  conformably 
undoubtedly  stratified  i-ocks,  it  will  be  an  additional  fact  in  favour 
of  its  metamorphic  orip;in.  The  strike  of  the  district  is  remarkably 
constant,  never  departing  more  than  a  few  degrees  from  magnetic 
east  and  west,  the  variation  being  about  24°  or  25°.  To  the  east  of 
the  quartz  rock  of  Errigal  *  we  have  a  belt  of  country  mainly  made 
up  of  mica-schist,  with  beds  of  grey  crystalline  limestone  here  and 
there,  and  a  few  occasional  patches  of  white  marble,  seemingly  of 
very  limited  extent ;  beds  of  quartzite  also  occur.  Beyond  this  belt 
lies  a  large  tract  of  rock,  the  mineral  composition  and  physical 
features  of  which  are  those  of  granite,  and  as  such  it  has  been 
described  and  coloured  in  Geological  Maps.  I  shall  without  prejudice 
speak  of  it  as  granite. 

Along  the  eastern  margin  of  the  belt  of  mica-sohist.,  wo  find  dis- 
tinctly inter  stratified  beds  of  a  rock,  which  in  hand-specimens  it 


^^ 


*  So  spelt  on  the  Ordnance  Map.     I  beliere  that  Aracal  represents  more  nearly 
is  Celtic  name,  the  muaning  of  which  is  **  Beware." 
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would  be  impossible  to  tell  from  granite:  some  varieties  are  ez« 
tremelj  coarsely  grained,  and  would,  I  think,  be  oertainly  classed 
with  tiiat  rock ;  indeed,  the  first  instance  that  came  before  me  I  at 
first  took  for  a  granite  vein,  and  it  was  only  after  much  doubting 
that  I  felt  sure  it  was  truly  interbedded  with  the  mica-schist ;  Eome 
beds  are  finer  in  grain,  and  in  them  perhaps  a  rude  foliation  may  be 
seen,  though  for  my  own  part  I  doubt  if  I  should  ever  have  sus- 
pected the  presence  of  this  structure  if  I  had  not  discovered  that  the 
rock  was  bedded,  and  thought  it  my  duty  to  call  it  gneiss. 

As  we  go  eastward,  these  beds  of  granitic  gneiss,  as  I  decided  in 
the  hope  of  pleasing  both  sides  to  call  them,  become  thicker  and 
more  numerous,  and  the  interstratifications  of  mica-schist  thinner 
and  fewer,  till  at  last  the  latter  disappear  altogether,  and  we  seem 
to  have  reached  a  district  of  granite  only,  where,  even  supposing  the 
latter  to  be  a  metamorphic  rock,  metamorphism  has  effaced  all  traces 
of  bedding.  Looking  a  little  closer,  however,  we  find  we  have  been 
too  hasty,  and  even  in  the  heart  of  the  granite  region  we  are  able  to 
detect  what  seemed  to  me  most  unmistakably  bedding. 

I  would  wish,  then,  to  lay  particular  stress  on  the  following  facts. 
The  interstratification  with  mica-schist  of  beds  of  rock  which  can 
hardly,  if  at  all,  be  distinguished  from  granite;  the  very  gradual 
passage  from  alternations  of  granitic  gneiss  and  mica-schist  into 
granite  alone ;  and  the  marked  traces  of  bedding  and  other  signs  of 
stratification  that  appear  in  the  last 

In  support  of  these  statements  I  will  now  put  forward  one  or  two 
detailed  observations. 

On  my  first  day,  with  Sir  R  Griffith's  map  in  hand,  I  started  from 
Dunlewey,  in  a  north-easterly  direction,  along  the  road  to  Letter- 
kenney,  to  fix  the  place  of  the  boundary  between  the  mica-schist  and 
granite  which  was  laid  down  on  that  map.  After  ptussing  over 
country  where  mica-schist  was  well  shown,  an  interval  occurred 
over  which  there  was  no  section;  then  about  half  a  mile  beyond 
Sand  Lough,  I  came  to  a  crag  of  what  I  at  first  sight  called  granite. 
I  concluded,  therefore,  that  I  had  crossed  the  boundary  I  was  in 
search  o£  The  rock  was  coarse,  and  in  parts  had  weathered  down 
into  coarse  sand  after  the  manner  of  granite.  I  noticed,  however, 
planes  of  division  in  it,  which  looked  like  bedding,  but  which  might 
be  joiats.  Their  bearing,  however,  coincided  with  the  general  strike 
of  &e  district ;  so  I  noted  this  fkoi,  and  waited  to  see  what  it  was 
worth. 

Leaving  the  road  and  striking  eastward  across  the  moor,  it  was 
soon  clear  that  no  such  boundary  as  that  I  was  in  search  of  existed, 
and  that  no  hard  line  could  be  drawn  parting  mica-schist  from 
granite.  Though  the  greater  part  of  the  ground  was  occupied  by 
the  latter  rock,  narrow  bands  of  the  former,  with  the  usual  strike  of 
the  country,  were  crossed,  evidently  interbedded  with  the  latter. 
These  bands  became  fewer  and  fewer  as  I  went  further  east,  and  at 
last  disappeared  altogether,  and  I  reached  ground  wholly  granitic. 
But  even  here  the  rock  was  traversed  by  divisional  planes,  which 
might  be  joints,  but  which  had  a  suspiciously  bed4ed  look  about 
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them,  and  the  strike  of  these  planes  was  everywhere  parallel  to 
that  of  the  undoubtedly  bedded  rocks  which  I  had  left  to  the  west 
The  rock,  however,  could  scarcely,  perhaps,  be  fairly  called  granite ; 
rude  foliation  was  discernible ;  it  was  rude,  but  perhaps  enough  to 
justify  any  one,  who  disliked  the  idea  of  bedded  granite,  in  calling 
the  rock  gneiss. 

With  my  suspicions  excited  by  what  I  had  seen,  I  started  next 
up  the  Poisoned  Glen,  determined  to  go  well  into  the  heart  of  the 
granitic  district,  and  see  how  far  these  glimmerings  of  bedding  could 
be  followed. 

I  crossed,  as  before,  the  mica-schist  with  its  limestone,  the  same 
alternations  of  that  rock  with  bedded  granitic  gneiss,  and  noted  the 
same  gradual  decrease  in  number  and  thickness  of  the  bands  of 
mica-schist,  and  their  final  disappearance  altogether.  Scrambliag 
up  the  steep  southern  end  of  the  glen,  I  found  myself  in  a  r^on 
strikingly  granitic  both  in  its  physical  features  and  in  the  minute 
character  of  its  rocks.  In  spite  of  the  universal  glaciation,  which 
had  smoothed  and  rounded  off  every  hill-top  and  edge,  atmospheric 
wear,  acting  on  a  very  characteristically  jointed  structure,  had  begun 
to  produce  Tors,  which  any  geological  artist  would  pronounce 
eminently  granitic  in  their  outline ;  and  in  the  rock  itself  I  could 
detect  nothing  deserving  the  name  of  foliation.  Here  for  a  while 
I  was  undecided.  This  rock  might  have  been  once  bedded,  but  its 
metamorphism  has  been  carried  so  far  as  to  destroy  all  traces  of 
bedding ;  or,  on  the  other  hand,  we  may  have  here  an  intrusive 
igneous  mass,  which  has  produced  the  metamorphism  of  the  rocks 
to  the  west. 

I  sat  down  to  take  breath  and  think.  Casting  my  eyes  over  the 
country  I  saw  the  hills  everywhere  traversed  by  a  set  of  divisional 
planes  ranging  parallel  to  one  another,  and  to  the  general  strike  of 
the  rocks  I  had  crossed  in  coming  up,  and  dipping  at  high  angles 
towards  the  south-east  If  I  had  not  known  what  rock  I  was 
standing  on,  I  should  without  hesitation,  from  an  instinctive  feeling 
which  every  field-geologist  will  understand,  have  called  these  planes 
of  bedding.  But  they  might  be  joints.  This  doubt  was  soon 
settled.  I  was  sitting  on  a  smoothed  moutonneed  boss,  the  wetted 
surface  of  which  laid  bare  the  stnicture  of  the  rock  as  clearly  as  if 
it  were  an  artificially  polished  section.  I  then  saw  that  this  granite 
was  made  up  of  a  number  of  layers  of  different  thicknesses,  and 
differing  from  one  another  in  composition,  grain,  and  other  mineral 
peculiarities,  and  that  these  layers  had  the  same  high  dip  towards 
the  south-east,  and  exactly  the  same  strike  across  the  country  as  the 
larger  divisional  planes  I  had  noticed  just  before.  The  layei*8  of  the 
boss  had  so  exactly  the  look  of  a  group  of  alternations  of  coarseish 
and  more  finely  grained  sandstones  with  sandy  shales,  such  as  any 
section  in  ordinary'  Carboniferous  rocks  would  furnish,  that  I  could 
have  no  doubt  that  they  were  true  lamina3  of  deposition ;  and  hence 
the  conclusion  was  obvious  that  the  larger  divisional  planes  were 
main  planes  of  bedding.  I  spent  the  rest  of  the  day  on  the  granite 
hills,  and  found  niunberless  other  ice-cut  sections  of  the  highly 
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inclined  rooks,  showing  the  same  undoubted  alternation  of  layers 
of  coarse  and  fine  rock  so  clearly  marked  that  no  one  could  have 
distinguished  them  from  the  lamineB  of  an  unaltered  stratified  rock. 

I  am  quite  sure  that  this  structure  was  not  foliation ;  some  of  the 
layers  may  have  been  rudely  foliated  in  themselves ;  but  along  the 
planes  separating  layer  from  layer  there  was  no  gathering  of  any  one 
particular  mineral,  such  as  mica.  The  structure,  indeed,  was  exactly 
that  which  is  universally  accepted  in  the  case  of  a  cleaved  slate  rock 
as  proof  of  its  originally  bedded  nature,  an  arrangement  of  the  rock 
in  parallel  layers  of  various  thicknesses  and  different  mineral 
composition,  grain,  and  colour. 

One  other  point  of  resemblance  between  these  bedded  granites 
and  unaltered  stratified  rocks  deserves  notice.  I  have  compared 
them  to  sandstones.  Now  it  is  well  known  that  in  sandstones  the 
most  persistent  layers  are  those  which  are  finest  in  grain,  and  that 
the  coarse  beds  are  generally  wedge-shaped,  and  thin  away  often 
▼ery  suddenly.  This  was  just  the  case  with  these  granite  laminsB. 
I  found  many  cases  of  a  coarsely  grained  bed  wedging  out  sharply, 
while  the  beds  of  finer  grain  were  regular  and  persistent  in  their 
thickness ;  and  I  was  constantly  reminded  among  these  granite  hUls 
of  the  behaviour,  in  this  respect,  of  the  Carboniferous  sandstones 
of  the  North  of  England,  from  which  I  had  just  come.  In  both 
cases  coarseness  of  grain  went  along  with  irregularity  of  bedding, 
and  the  contrary. 

To  give  more  instances  of  detailed  observations  would  be  mere 
repetition.  The  two  cases  I  have  selected  were  the  most  marked 
that  came  under  my  notice ;  but  it  was  not  on  the  strength  of  these 
two  alone  that  I  formed  my  conclusions!  The  same  thing  was  seen 
wherever  I  entered  the  granitic  area. 

One  very  obvious  objection  deserves  notice.  The  layers  of  granitic 
gneiss,  which  I  have  looked  upon  as  interbedded  with  mica-schist, 
and  other  undoubtedly  stratified  rocks,  may  be  sheets  of  intrusive 
igneous  rock  injected  between  the  planes  of  bedding.  The  possi- 
bility of  this  occurred  to  me,  and  I  kept  my  eyes  open  for  any 
instance  of  the  granitic  gneiss  cutting  across  the  bedding,  a  thing 
which  was  sure  to  occur  somewhere,  if  it  were  really  an  intrusive 
rock.  I  never  saw  anything  of  the  kind ;  and  it  is  hard  to  believe 
that,  if  these  crystalline  rocks  have  been  injected  from  below,  they 
should  everywhere  have  confined  their  lines  of  exit  to  the  spaces 
between  two  adjoining  beds ;  and  if  the  main  granitic  mass  be  itself 
intrusive,  it  would  surely  somewhere  or  other  have  thrust  out  dykes 
and  veins  into  the  beds  which  it  invaded.  Moreover,  we  could  not 
in  this  way  explam  away  the  bedded  structure  of  the  main  body  of 
the  granite.  A  little  further  to  the  west  a  large  mass  of  intrusive 
trap  does  occiur,  and  it  is  instructive  to  compare  what  is  seen  along 
its  margin  with  the  border  ground  between  the  mica-schist  and 
granite.  The  boundary  of  the  trap  is  a  winding  line  running  in 
and  out  among  stratified  rocks,  whose  strike  is  all  but  invariable ; 
big  wedges  spring  from  the  main  mass;  and  innumerable  dykes, 
many  only  a  few  feet  wide,  and  probably  occupying  the  openings 
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between  joints,  cut  across  at  large  angles  with  the  trend  of  the 
bedding.  No  contrast  could  be  more  striking ;  on  the  one  hand  we 
have  a  gradual  passage  from  bedded  metamorphic  strata  into  granitic 
rocks,  where  the  bedding  becomes  fainter  and  fainter,  and  can  at  List 
only  be  detected  by  the  closest  observation,  and  the  line  along  which 
this  passage  takes  place  maintaining  a  steady  course  parallel  to  the 
trend  of  those  rocks,  which  still  retain  their  bedding ;  on  the  other 
hand,  a  sharp  change  from  bedded  to  unstratified  crystalline  rocks, 
and  the  line  along  which  this  change  takes  place,  winding  over  the 
country  and  cutting  at  all  possible  angles  across  the  strike  of  the 
bedded  rocks,  and  dykes  running  out  in  numbers  firom  the  crystalline 
mass. 

I  have  incidentally  mentioned  the  glaciation  of  the  district 
Except  where  weathering  may  have  efilEu^ed  them,  there  are  every- 
where superb  traces  of  wide-spread  ice-action. 

The  Granite  Hills,  the  highest  of  which,  Slieve  Snaght,  is  2240 
feet  above  the  sea,  are  everywhere  moutonn6ed  up  to  and  over  their 
summits.  The  coarse  nature  of  the  rock,  however,  *  and  its  rapid 
weathering,  has  not  allowed  of  the  preservation  of  scratches  to  show 
the  direction  of  the  flow. 

To  the  south-west  of  Dunlewey,  however,  is  a  tract  of  quarfadte, 
and  the  scorings  on  this  hard  rock  have  been  beautifully  preserved 
The  direction  of  all  that  I  saw  was  nearly  magnetic  east  and  west ; 
they  show  a  total  disregard  to  the  surface  of  the  ground,  running 
across  ridges  up  and  down  hill,  and  sometimes  barring  a  precipice 
with  horizontal  scratches,  where  its  face  happens  to  be  parallel  to 
their  trend.  The  grooves  are  extremely  regular,  and  where  the  ice- 
marked  surface  rock  has  broken  up  under  the  action  of  the  weather 
a  veiy  singular  effect  is  produced ;  for  so  true  are  the  flutings  on  the 
rounded  siufaces  of  each  moutonneed  boss  that,  as  one  stands  among 
the  fragments  which  have  split  off,  one  could  almost  fancy  oneself 
amidst  the  fallen  columns  of  a  ruined  Grecian  temple.  Fig.  2  will 
give  some  notion  of  these  fluted  surfaces. 

Whether  the  ice  passed  over  Errigal,  the  highest  point  (2466  feet), 
it  is  impossible  to  say ;  for  the  rapid  weathering  of  its  well -jointed 
quartzite  has  long  ago  effaced  any  marks  that  may  once  have  been 
there  *  The  low  country  of  mica-schist  is  everywhere  moutonneed, 
but,  like  the  granite,  shows  no  scratches. 

Lakes  are  abundant;  many  certainly,  and  probably  all,  lie  in 
rock- basins;  and  those  that  are  grown-  or  silted-up  quite  equal  in 
number  those  that  still  remain.  Fig.  3,  which  is  on  a  true  scale, 
shows  a  very  common  arrangement  of  these  lakes.  Tlie  faces  A 
and  B  are  often  very  nearly  plane  surfaces,  when  not  covered  by 
debris,  so  steep  and  smooth  that  it  is  all  but  impossible  to  stand  on 
them ;  and  seen  from  a  distance  they  glitter  in  the  sun,  when  wet, 
like  polished  glass ;  they  plunge  straight  down  in  many  cases  into 
the  lake.     At  the  other  end  smoothed  rock-surfaces  rise  at  a  low 

*  Mr.  Campbell  mentions  a  doubtful  ice-marked  patch  at  the  smnmit.     "Fro»t 
and  Fire,"  yol.  ii.,  p.  56. 
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angle  from  beneath  the  water,  and  slope  up  gently  to  the  crest 
of  the  next  abrupt  descent  It  seems  as  if  the  ice  had  cascaded 
down  the  steep  faces,  dug  out  a  hole  at  the  bottom  of  each,  and 
flowed  out  of  the  hole  up  the  gentle  further  slope.  I  do  not  think 
I  ever  quite  realized  Prof.  Ramsay's  theory  till  I  saw  these  little 
lakes,  where  the  whole  process  is  before  you  as  if  in  a  model 
Possibly  the  hollowing  out  of  these  lakes  was  the  work  of  local 
ice-flows  subsequent  to  the  general  glaciation ;  but  this  point  I  had 
not  time  to  go  into. 

In  the  discussion  which  followed  the  reading  of  this  paper,  Mr. 
David  Forbes  took  a  chief  part,  and  I  am  glad  of  this  opportunity  of 
replying  to  his  objections. 

He  states,  1st,  that  Mr.  Scott  and  Ph)f.  Haughton  declare  the 
granites  to  be  decidedly  intrusive.  We  are  not  accustomed  to  rely  much 
on  authority  in  scientific  matters;  and,  even  if  I  had  these  eminent 
names  against  me,  it  would  not  be  absolutely  fatal  to  my  views ; 
but,  as  a  fact,  nothing  can  be  more  strong  and  decided  than  the 
expression  of  both  Mr.  Scott  and  the  authors  of  the  Report  of  their 
conviction  of  the  bedded  character  of  the  mass  of  these  granites. 
They  do  mention  one  or  two  cases  where,  to  use  their  own  words, 
the  granite  is  "  apparently  intrusive,'*  so  that  the  state  of  the  case  is 
this  :  we  have  a  great  mass  of  granite,  which  almost  everywhere 
seems  decidedly  interbedded  with  rocks  whose  sedimentary  origin  is 
not  questioned ;  in  one  or  two  cases  we  find  granite  apparently  cut- 
ting across  the  beds.  Wliat  is  to  be  our  guide  as  to  the  origin  of 
this  granite?  Are  we  to  look  to  its  general  charactor  on  a  large 
scale,  or  are  we  to  rely  on  a  few  local  exceptions  ?  And  these 
exceptions  are  capable  of  the  simplest  explanation  in  two  ways. 
There  may  be  two  granites,  one  metamorphic,  the  other  intrusive. 
Or  it  may  be  that,  while  for  the  most  part  metamoq)liism  has  not 
gone  so  far  as  to  destroy  the  bedding,  it  has  at  some  spots  been 
extreme  enough  completely  to  fuse  the  rock ;  and  the  fused  rock, 
expanding  by  heat  and  urged  on  by  the  pressure  of  gases  confined 
below,  has  behaved  intrusively.  That  a  metamorphic  rock  may  be 
at  places  intrusive  has  been  exj^lained  so  often  that  I  am  almost 
ashamed  to  have  to  repeat  it. 

2nd.  Mr.  Forbes  states  that  I  start  from  the  idea  that  if  rocks  lie 
conformably  on  beds  of  undoubtedly  sedimentary  origin,  it  is  a  proof 
that  they  are  themselves  sedimentary  or  stratified.  I  have  not,  that 
I  am  aware  of,  stated  this  proposition  either  directly  or  indirectly ; 
and  I  have  heard  of  such  things  as  contemporaneous  or  interbedded 
traps  or  lavas.  But  even  supposing  that  the  rocks  in  dispute  were 
ori;:;inally  of  this  class,  they  were  not  poured  out  as  granite,  and 
must  have  undergone  metamoiiihism  to  reduce  them  to  their  present 
condition ;  and  this  is  all  that  I  have  ventured  to  assert.  I  have 
sinii)ly  said  that  tliey  are  bedded,  and  contemporaneous  with  the 
mica-scliist  and  quartzito  of  the  district;  and  whether  they  are  con- 
temporaneous sedimentary  rocks,  or  sheets  of  contemporaneous  lava, 
matters  little  to  the  question  we  are  discussing ;  for  in  either  case  we 
should  require  metamoi^hism  to  convert  them  into  granitic  gneiss. 
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3rd.  Mr.  Forbes  states  tliat  a  parallel  structure,  equally,  if  not 
better,  developed  than  any  occurring  in  the  gneiss  of  Donegal,  is 
common  to  many  volcanic  rocks.  I  know  that  my  friend  is  in  the 
habit  of  carrying  about  in  his  po9ket  bits  of  lava  or  recent  slag  with 
this  banded  or  ribboned  structure.  So  seldom  is  he  without  one 
such  specimen  that  he  runs  the  risk  of  being  looked  upon  by  the 
Tulgar  as  a  believer  in  talismans  or  charms ;  for  on  no  other  ground 
could  they  explain  his  apparent  attachment  to  these  pretty  speci- 
mens. Eeally  he  uses  them  to  crush  rash  theorizers  like  myself  by 
bringing  them  forward  as  proofs  that  rocks  may  be  of  igneous  origin 
and  still  bedded  ;  but  I  cannot  imagine  that  there  is  any  danger  of 
confounding  bedded  structure  on  a  large  scale  with  the  lamination 
of  such  specimens  as  Mr.  Forbes  is  in  the  habit  of  basing  his  argu- 
ments on.  In  hand -specimens  it  might  be  difficult  to  distinguish 
between  the  two  ;  but  in  the  field  I  do  not  think  that  any  one  accus- 
tomed to  the  look  of  rocks  could  mistake  one  for  the  other. 


VL— Thjb  Valley  of  the  Tab,  Isle  of  Wight. 
By  Alfkii>  J.  B&oinni,  Esq. 

IT  may  seem  superfluous  to  describe  any  part  of  such  a  well-known 
district  as  the  Isle  of  Wight ;  but  although  its  geology  has  been 
80  well  investigated,  still  the  Post- Pliocene  deposits  of  the  island 
have  perhaps  received  less  atten|tion  than  any  others.  The  origin  of 
its  valleys,  moreover,  has  not,  so  far  as  I  am  aware,  been  carefully 
studied;  and  as  it  may  throw  light  on  the  date  of  formation  of 
the  Solent  and  Spithead,  I  venture  to  send  a  few  notes  made  on  a 
recent  examination  of  the  valley  of  the  Yar,  in  the  hope  they  may 
prove  interesting,  even  if  not  original. 

I  will  begin  at  its  mouth.  From  Yarmouth  to  the  village  of 
Freshwater,  a  distance  of  two  miles,  the  river  is  estuarine  and  the 
banks  low  and  sloping.  Freshwater  is  the  present  limit  of  the  tidal 
influence,  and  here  the  valley  is  about  150  yards  wide.  Above  this 
it  consists  of  a  series  of  marshes  about  100  yards  wide  as  far  as 
Freshwater  Gate,  where  the  river  takes  its  rise  on  the  north  side  of 
the  shingle  beach ;  I  say  "  takes  its  rise,"  in  deference  to  its  ancient 
title  and  name  of  river,  which  it  still  retains,  though  there  is  now 
no  spring  or  stream,  merely  marshes  and  ditches,  through  which  the 
water  soaks  down  to  the  estuary  at  Freshwater ;  in  fact,  before  the 
beach  at  Freshwater  Gate  was  raised  and  strengthened,  these  marshes 
were  often  overflowed  at  high  tides.  So  recent,  however,  does  the 
river-bed  look  that  when  standing  on  one  of  its  banks  in  this  neigh- 
bourhood, it  is  difficult  to  divest  oneself  of  the  idea  that  the  marshy 
grass  in  the  bend  of  the  valley  is  not  rippling  water. 

Although  the  valley  is  now  almost  a  dead  level,  the  following  con- 
siderations seem  to  lead  to  the  conclusion  that  it  once  had  a  greater 
declination,  not  in  the  present  direction,  but  on  an  incline  from 
Yarmouth  to  Freshwater  Gate. 

"VOL.  vui.— NO.  xa  36 
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1.  At  Fresliwater  Gkte  there  are  extensive  gravel-beds,  filling  the 
gap  in  the  Chalk  Downs,  which  is  the  only  one  between  the  Needles 
and  Shalcomb  Down,  a  distance  of  seven  miles ;  in  these  beds  the 
teeth  of  Elephas  primigenius  have  been  found,  and  their  formation 
requires  the  water-power  of  a  large  river  to  bring  down  so  much 
material  from  the  land. 

2.  A  lateral  series  of  marshes  near  Freshwater,  through  which  a 
small  stream  runs  after  continuous  rain,  was  evidently  a  tributary  of 
the  old  river,  and  its  debouchure  points  upwards  and  not  down 
towards  Yarmouth,  as  do  the  tributary  streams  lower  down,  which 
are  possibly  of  more  recent  production. 

3.  In  writings  of  the  time  of  Charles  I.  the  western  extremity  of 
the  island  is  spoken  of  as  Freshwater  Isle — "  He  went  westwards 
towards  Worsley's  Tower,  in  Freshwater  Isle,  a  little  beyond  Yar- 
mouth Harbour."     (Herbert's  Memoirs.) 

The  deduction  from  the  foregoing  facts  seems  to  be  that  the  riyer 
was  of  large  size,  and  flowed  down  from  the  direction  of  Hampshire. 
Now,  if  reference  be  made  to  a  map  of  that  county,  it  will  be  seen 
that  exactly  opposite  to  the  Yar  is  the  mouth  of  the  river  Lymington, 
also  that  the  Medina  corresponds  to  Southampton  water,  and  possibly 
Brading  Harbour  to  Portsmouth  Hai'bour ;  thus  strongly  suggesting 
the  idea  that  these  rivers  in  the  Isle  of  Wight  were  once  continua- 
tions of  the  Hampshire  ones ;  and  this  is  rendered  more  probable  by 
a  consideration  of  the  depth  to  which  the  valleys  of  the  rivers  are 
cut  through  the  Chalk  Downs ;  these  form  the  natural  watershed  of 
the  island,  and  any  river  flowing  northwards  would  seem  incapable 
of  cutting  so  deep  a  trough  as  at  Newport  and  Freshwater  Gate.    I 
would,  therefore,  conclude  that  there  has  been  a  gradual  elevation 
along  the  old  anticlinal  axis  of  the  Cretaceous  strata,  ciiusing  the 
rivers  to  find  an  easier  exit  over  the  low  country  of  the  Fluvio- 
marine  strata,  which  must  once  have  existed  where  the  Solent  and 
Spithead  now  are.     If  these  surmises  be  correct,  the  Solent  must 
have  been  excavated  very  soon  after  the  deposition  of  the  Post- 
pliocene  gravel  at  Freshwater  Gate ;   and  it^  considerable  width, 
notwithstanding  the  lateness  of  the   date,  would  not   appear  sur- 
prising to  any  one  who  knows  the  destructible  nature  of  the  coast 
The  latest  alteration  of  level  seems  to  have  been  one  of  depression, 
in  acconhuice  with  a  well-known  similar  and  general  movement  all 
along  the  British  Channel ;  for  at  Brading  tbere  is  an  old  well  now 
covered  by  high  tide  ;  and  in  the  Yar  valley  there  existed  about  forty 
years  ago  a  largo  pool  above  Freshwater  open  to  the  influence  of  the 
tide,  and  the  stream  from  which  at  low  water  is  said  to  have  turned 
a  mill ;  this  lias  since  boon  abandoned,  and  the  pool  drained,  though 
both  still  api)ear  on  the  Ordnance  Map ;  and  I  may  here  take  the 
opportunity   of  noticing   the  antiquity  of   this  production — it  was 
published  in  1810,  and  has  only  been  furl^shed  up  for  modem  use 
by  the  insertion  of  the  railways  and  a  few  other  prominent  objects, 
but  nmch  is  omitted,  and  much  should  be  erased  from  the  map  as 
obsolete. 
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L — ^Thb  Geology  and  Exti^jot  Voloanos  of  CLsaiiONT, 

AUVEBGKE.^ 
By  RiCHAKD  O.  Stxes,  F.G.S. 

MR.  SYMES  having  visited  this  district  in  the  sammer  of  1870, 
in  company  with  Mr.  Leonard,  gives  us  an  interesting  paper, 
the  results  of  tiieir  observations  on  the  Plutonic,  Aqueous,  and 
Yolcanio  rocks.  The  country  chiefly  examined  was  that  between 
four  and  five  miles  west  of  Clermont.  The  granite  is  described  as 
generally  consisting  of  two  micas  (margarodite  and  lepidomelane, 
the  latter  predominating  in  nearly  every  case  over  the  former),  one 
felspar  (oligoclase)  and  glassy  quartz.  It  was  found  to  decompose 
the  more  readily  as  it  approached  Volcanic  rocks.  The  Aqueous 
rocks,  of  Upper  Eocene  or  Miocene  age,  are  briefly  described  as 
consisting  of  grits,  marls,  and  indusial  limestone  or  travertin.  The 
grits  are  for  the  most  part  composed  of  the  debris  of  granite  and 
basalt,  bound  together  by  a  siliceous  cement  Mr.  Symes  obtained 
a  specimen  containing  a  well-rounded  pebble  of  basalt:  a  fact 
of  some  importance,  as  Scrope  and  Lyell  remark  that  no  traces 
of  volcanic  rocks  occur  in  these  beds.  In  regard  to  the  volcanic 
phenomena,  the  inferences  drawn  are :  that  the  condition  to  which 
the  volcanos  are  referable  is  that  in  which  eruptive  paroxysms 
of  intense  energy  alternate  with  lengthened  periods  of  complete 
inertness  ;  that  the  cinder  cones,  Domitic  hills,  and  recent  lavas  are 
all  due  to  one  violent  paroxysm  spread  over  an  area  twenty  miles 
long  by  two  broad ;  that  the  presence  of  two  such  different  rocks  as 
basalt  and  trachyte,  in  close  juxtaposition,  can  only  be  accounted  for 
on  the  supposition  that  the  rocks  from  which  they  are  derived, 
namely,  hornblende  rock  and  some  highly  felspathic  rock,  such  as 
granite,  were  in  contact  prior  to  their  being  reduced  to  the  forms  we 
now  find  them  in ;  that  the  granite  plateau  was  very  much  in  the 
same  condition  prior  to  the  deposition  of  the  lacustrine  strata,  as  it 
is  now;  that  prior  to  the  deposition  of  the  lacustrine  strata,  this 
district  was  probably  the  seat  of  volcanic  eruption* 


U. — On  Ehbenberq's  Foraminifeba  from  the  Chalk  of  Meudon, 

France. 

By  Prof.  T.  Rupekt  Jokxs,  F.G.S.,  and  W.  K.  Parkbr,  F.R.S. 

IN  No.  89  of  the  Geological  Magazine,  p.  611,  we  indicated  the 
genera  and  species  of  Foraminifera  found  by  Dr.  Ehrcnberg 
in  the  White  Chalk  of  Meudon,  near  Paris,  and  figured  in  his 
'*  Mikrogeologie,"  1854. 

In  our  list  twenty  species  were  enumerated  (with  the  nomen- 
clature now  in  use)  as  the  result  of  our  study  of  the  fifty-six  forms 

1  A  paper  read  before  the  Boyal  Geological  Society  of  Ireland,  April  12, 1871. 
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figured  and  separately  named  in  the  plate  of  Mendon  Foraminifera. 
To  render  our  work  more  useful  to  Rhizopodipts  and  Bibliographista, 
we  proceed  to  take  the  figures  in  succession,  noting  that,  as  we 
before  stated,  the  grouping  on  the  plate  has  a  more  natural  associa- 
tion of  allied  forms  than  that  shown  by  the  numerical  order. 

PI.  xxvii.,  fig.  1,  Miliola  avum  =x  Lagena  globosa.  2,  Nodosaria  ter- 
gescens  is  one  and  a  half  of  the  last  chambers  of  a  compact  variety  of  the 
simple  N.  avtcvla,  S,  Textilaria  striata  (1838) ;  4,  T.  sulcata;  and  5, 
T.  dilatata  ("  T.  brevis  f  1838  "),  belong  to  Ehrenberg's  T.  atriatd,  a 
subspecies  or  notable  variety,  worthy  of  a  binomial  term.  6,  Test 
globulosa  (1838)  is  the  small  or  young  form  of  XL  gihboBOj  D*Orb., 
and  for  convenience  is  often  referred  to  by  the  name  given  by 
Ehrenbeig.  lor^,  T.  linearia  »  Bolivina  punctata.  8,  TexL  aeuleaia 
("  T,  aspera,  1838,  in  part ")  is  a  thick-walled  form  of  Textilaria 
gihhosa,  produced  and  aculeate  on  the  edges  at  the  outer  angle  or  base 
of  each  chamber,  aftd  is  conveniently  distinguished  by  the  name 
here  given.  9a,  6,  Chrammoatomum  pachyderma  ('*  Text  aeieulata, 
1838,  a  several  thin  species  of  Grammostomum'*),  and  10,  Gr,  angtb- 
latum,  are  specimens  of  a  coarse-shelled  Bolivina  ptmcfofa.  11,  Gr. 
poly  stigma  »>  Text,  aagittula,  12,  Or.  Thebaicum  seems  to  be  an 
oblong  Textilaria  agghUinans  with  a  growth  like  that  of  Z*.  sagiUwla; 
but  Gr.  Thehaictim,  pi.  xxiv.,  figs.  20,  21,  certainly  appears  to  be 
Bolivina  dilatata.  13,  Gr.  platystigma  is  Bol.  dilatata.  14,  Poly- 
morphina  asparagus  is  Virgulina  squamosa;  so  also  is  15,  Grammo* 
stomum  lingua.  16,  Or.  macilentum  is  a  very  neatly  Textilariform 
F.  squamosa.  17,  Strophoconus  ejflorescens  is  a  rather  twisted 
V.  squamosa.  18,  Grammostomum  {Polymorphinaf)  myoglossum  ia  % 
fragment  of  apparently  a  V.  squamosa  of  regular  growth.  19,  Loxo- 
stomnm  suhrostratum,  and  20,  Lox.  rostratum,  are  varieties  of  TexL 
agglutinanSj  becoming  Bigenerine  (passing  into  Bigenerina)  by  the 
aperture  getting  more  and  more  terminal  in  successive  chambers 
{h^.  20  shows  the  more  advanced  stage  of  the  transition).  21  and 
22,  Lox.  aculeaium  is  a  pouting  Texfilariay  tending  towards  Sagrina 
rugosa,  D'Orb.  {Heierostomella,  Reuss).  The  aperture  is  entire  (not 
ragged  or  prickly,  as  shown  in  figures  of  some  PolymorpJiincB  in 
other  plates),  and  lijiped,  as  in  Uvigerina.  The  edges  of  the  shell 
are  aculeate  by  the  production  of  the  base  of  each  chamber.  See 
above,  p.  508.  Fig.  23,  Strophoconus  polymorphus  =  Virgulina 
Schreihersii.  24,  Str.  spicnla  =  V.  squamosa;  so  also  25,  GrammO' 
stomum  gracile.  2G  and  28,  Strophoconus  polymorphism  and  27,  Str. 
(Grammosi.?)  ovum?^  are  Virg,  Schreibersii.  29,  Proroprorus  creia 
=  Poly  morphina  Thouini.  30,  31.  Grammobotrys  f  Parisie}isis  = 
Sph(vroi(lina  bull o ides ;  and  probably  also  32,  Pleurites  cretce.  33, 
34  Sphceroidina  Pari»iensis  =  (33,  probably,  and  34,  certiiuly)  Sph. 
bulloides.  35,  Gutiulina  aculeata,  and  36,  Gut.  turrita,  are  Vcmeuilina 
pygmcpu,  Eo;gor ;  but  35  has  the  outer  margins  of  its  chambers  more 
or  less  aculeate.  37,  Nonionina  ?  occllata  is  Cristellaria  cultrata. 
Figs.  3S-45  and  47  are  various  individuals  of  the  neat  little  variety 
of  Plnnorbulina  farctay  known  as  PI.  ammonoideSj  Reuss,  sp.,  very 
common  in  the  Chalk.     (38a,  6,  39,  and  40,  Plantdina  mieromphala 
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=  *'in.  turgida,  1838,  in  part"  41,  PI.  angusta.  42a,  6,  PI  anni*. 
loaa,  48,  PL  leptostigma,  44,  45,  PI,  ampla.  47,  PL  ampliata.) 
46,  PL  ettomphala  is  a  slightly  keeled  Cristellaria  ctdtrata.  48,  PZ. 
uwhtlicata  is  PuZmnuZtna  iruiu^afuZtnotci^B,  D'Orb.,  sp.,  seen  from  the 
upper  (flat)  surface.  49  and  ?  60,  PL  heteromphala,  seem  to  be 
small  varieties  of  Planorhulina  farcta,  approaching  PL  (Truncatulina) 
lohatvia ;  such  are  not  rare  in  the  Chalk.  It  is  difficult  to  correlate 
the  many  small  PlanorhidincB  and  TrtmcatuUruB,  from  the  Chalk, 
figured  by  D'Orbigny,  Reuss,  and  Ehrenberg.  Fig.  49  is  perhaps 
comparable  with  D'Orbigny's  Botalina  un^ilicata  from  the  Chalk, 
which  we  are  inclined  to  refer  to  Botalia  proper,  though  with  some 
doubt.  51,  Botalina  unbilicata  is  a  side  view  of  Pidv,  truncatulinoides, 
D*Orb.,  sp.  Not  quite  so  angular  in  its  profile  as  the  recent  specimen 
figured  in  ''  Hist.  nat.  des  Ees  Canaries,  etc.  Foraminif^es,"  pi.  2, 
figs.  25-27.  This  species  is  figured  also  by  Soldani,  ''Testaceo- 
graphia,"  vol.  i.,  p.  58,  pi.  46,  fig.  nn.  It  is  a  variety  of  Pfdv.  Menardii, 
and  closely  related  to  Pulv,  Micheliniana  and  Ptdv,  crctsaa,  both  found 
in  the  Chalk.  See  "Philos.  Transact.,"  vol.  civ.,  p.  393.  52, 
Planfdtna  picta  =  Pulv,  Micheliniana,  D'Orb.,  sp.  See  above,  p.  510. 
Figs.  53-58  are  young,  and  59  an  adult,  Olohigerina  cretacea,  D*Orb., 
a  rather  discoidal  form  of  01,  huUoides,  D'Orb.  Young  flattish 
GlohigerincB  closely  resemble  young  Planorhulina.  (53,  Botalia 
quaterna:  54,  B,  rosa;  55,  B,pachyomphala;  56,  B.  glohoaa'ampliata. 
67,  58,  B,  aspera ;  59,  Olohigerina  ereUdy  referred  with  doubt  to  01, 
buUoidea  in  1838.)  Figs.  60-64  are  young  and  arrested  specimens 
of  PlanorhuLina  farcta,  (60,  Botalia  glohtdoaa'tentUor  =  "  B,  Gloh., 
1838  "  ;  61,  B.  senaria  ;  62,  B,  densa  ;  63,  B,  glomerata  =  **  B. 
senariaf^';  64,  B,  creta,  rough-shelled.)  Spongiliths  and  Coccoliths 
occur  among  the  other  figures  on  this  plate. 
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1. — ^Lkttebs  and  Extracts  from  the  Addresses  and  occasional 
Writings  of  J.  Bests  Jukes,  M.A.,  F.R.S.,  F.G.S.,  late  Local 
Director  of  the  Greological  Survey  of  Ireland.  Edited,  with 
connecting  memorial  notes,  by  his  Sister.  London :  Chapman 
andHalL     187L    pp.596.     8vo.    With  a  Portrait. 

AS  in  military  service,  "the  place  of  honour  is  the  place  of 
danger,"  so  in  Science,  the  men  who  by  their  earnest  labours 
occupy  its  foremost  ranks,  acting  as  pioneers  to  smooth  our  path, 
are  likewise  risking  their  lives  for  us,  and  not  unfrequently  pay  all 
too  dearly  for  the  transitory  honours  they  enjoy. 

For  Professor  Jukes — whose  memory,  so  dear  to  geologists,  this 
book  is  intended  to  keep  alive, — ^may  certainly  be  claimed  the  merit  of 
having  been  always  at  the  front.  From  the  time  he  left  Cambridge, 
when,  inspired  by  Professor  Sedgwick's  25eal,  he  set  forth  on  foot 
to  walk  through  the  length  and  the  breadth  of  England  geologizing; 
he  began  to  teach  others,  and  we  find  him  lecturing  first  in  one 
town  and  then  in  another,  often  to  crowded  audiences ;  for,  what- 
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ever  be  did,  wbetlier  lecturing,  writing,  or  working  in  the  field  or 
on  the  sea,  lie  was  ever  full  of  genuine  earnestness,  which  inspired 
others  with  an  ambition  to  do  their  best  also. 

The  book  before  us  sketches  out,  by  the  help  of  oonnectiTe  narra- 
tive, and  by  letters  and  extracts  from  his  writings,  the  life  of  Pro- 
fessor Jukes  from  his  birth  in  the  old  house  at  Summerhill,  near 
Birmingham,  on  October  10th,  1811,  through  his  schoolboy  days  at 
Wolverhampton  and  Birmingham,  to  his  entry  at  St.  John's  College, 
Cambridge,  in  1830.  Of  this  part  of  his  life  little  has  to  be  recorded 
save  that  the  first  preceptor  who  appears  to  have  made  any  deep  or 
lasting  impress  on  Jukes's  mind  was  Professor  Sedgwick,  whose 
teachings  certainly  fashioned  the  course  of  his  after-life.  After 
leaving  Cambridge,  Jukes,  as  we  have  said,  took  the  field  and 
mastered  the  geology  of  a  great  part  of  England  for  himself  covering 
his  expenses  with  his  lectures  and  other  scientific  w^ork.  He  also 
devoted  some  time  to  learning  practical  Field-surveying. 

In  1839  commenced  his  real  start  in  life,  as  Geological  Surveyor 
of  Newfoundland,  a  post  which,  though  rough  and  somewhat  perilous 
in  its  nature  and  full  of  hardship,  had  for  Jukes  a  charm  which  is 
only  fully  understood  by  those  who,  to  a  love  of  wild  sports,  can  add 
the  consciousness  of  a  sound  and  vigorous  constitution,  a  daimtless 
courage,  and  a  happy  knack  of  making  themselves  at  home  anywhere 
and  with  anybody. 

The  work  of  surveying  this  inhospitable  island  was  found  to  be 
exceedingly  difficult.  No  map  of  the  country  existed,  the  interior 
being  for  the  most  part  trackless,  uninhabited,  and  obscured  by 
woods  and  morasses,  geological  observations  could  only  be  carried 
on  along  the  coast  by  means  of  boats.  But  hero,  though  the  cliffs 
are  bold,  they  are  frequently  inaccessible,  and  often  either  too  per- 
pendicular, or  too  well  guarded  by  surf,  to  render  landing  practicable. 
Tlie  inclemency  of  the  climate  too  forbad  the  carrying  on  of  such 
work  save  in  the  short  but  brilliant  summer  season.  Mr.  Jukes, 
however,  completed  his  report,  and  returned  to  England  at  the  end 
of  1840. 

Far  different  and  more  congenial  was  the  next  work  in  which  we 
find  him  engaged.  Having  been  offered  the  post  of  Naturalist  on 
board  H.M.  ship  "  Fly,"  imder  the  command  of  Captain  E.  P.  Black- 
wood, R.N.,  bound  on  an  expedition  to  survey  Torres  Strait,  New 
Guinea,  etc.,  he  left  England  on  April  11th,  1842. 

Tlio  results  of  this  exploration  are  detailed  in  the  "  Narrative  of 
the  Surveying  Voyage  of  H.M.S.,  Fly  "  (2  vols.  8vo.  London,  1847). 
In  the  book  before  us  they  are  told  in  the  shape  of  letters  to  friends 
at  home,  and  occupy  some  142  pages,  giving  sketches  of  places, 
people,  and  incidents  in  Australia,  New  Guinea,  Java,  and  the 
Eastern  Archipelago,  pleasant  to  read  about,  if  not  all  agreeable  to 
the  narrator. 

On  the  return  of  the  expedition,  in  1846,  Mr.  Jukes  once  more 
sought  his  first  love,  and  entered  the  Geological  Survey,  work- 
ing principally  in  Wales,  and  at  the  South  Staffordshire  Coal-field. 
Speaking  afterwards  about  the  difficulties  of  surveying  and  mapping 
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the  older  PalsBozoio  rocks,  be  says,  '*  I  Had  once  been  working  bard 
for  about  five  weeks,  trying  to  understand  and  delineate  on  the  one- 
incb  map  a  complicated  bit  of  mountain  ground  a  few  miles  south  of 
Conway,  in  North  Wales.  It  was  made  up  of  interstratified  slates, 
sandstones,  and  felstones,  with  laige  and  irregular  masses  of  in- 
trusive greenstone,  the  exposed  parts  of  each  being  frequent,  but 
not  continuous.  Many  a  weary  day  had  I  climbed  the  sides,  and 
clambered  along  the  crags  of  a  hill,  some  five  or  six  miles  in  length, 
by  two  or  three  in  breadth,  and  the  highest  peak  of  which  was  not 
more  than  1,800  feet  above  the  sea,  trying  in  vain  to  reduce  to  order 
the  seemingly  endless  complexity  of  its  structure,  and  having  at 
length  on  the  map  as  curiously  complex  a  patchwork  of  incongruous 
colours  and  unnatural  forms  as  Punch,  had  he  turned  geologist, 
could  have  devised  ;  when  one  evening,  as,  after  a  hard  day's  work, 
I  was  descending  a  steep  bit  of  ground,  almost  in  despair  at  all  my 
labour  seeming  to  be  thrown  away,  I  hit  upon  the  clue  to  a  great 
fault  or  dislocation.  I  had  only  time  then  to  verify  the  observation, 
but  it  gave  me  at  once  the  solution  of  all  the  puzzle ;  and  in  two  or 
three  days  I  was  enabled  to  map  the  whole  district,  with  as  near  an 
approach  to  accuracy  as  the  scale  of  the  map  admitted  of.  The 
country  was  chopped  up  by  a  series  of  large  parallel  faults,  that 
were  quite  easy  to  be  seen  when  once  the  clue  to  one  of  them  and 
its  bearings  were  obtained,  but  which  there  was  nothing  to  render 
d  priori  probable,  and  which  could  not  have  been  discovered  without 
that  thoroughly  exhaustive  process  of  examination  which  I  was 
enabled  to  apply  to  the  district.  I  have  ever  since  regretted  that,  in 
my  haste  and  joy  at  acquiring  a  right  notion,  I  obliterated  all  my 
former  work  from  the  map  which  contained  it ;  for  I  should  have 
been  glad  to  preserve  it  now  as  a  curious  instance  of  the  contrast 
between  laborious  hypothesis  and  the  simplicity  of  natural  truth." 
(pp.  80^-308). 

Speaking  of  Coal-mining,  Mr.  Jukes  says,  "  Very  few  people  are 
aware  of  the  enormous  amount  of  loss  which  has  been  incurred,  and 
is  even  yet  of  annual  occurrence,  in  fruitless  mining  enterprises.'' 

"  Sedgwick,  on  a  visit  to  Sir  H.  Halford,  in  the  south  part  of 
Leicestershire,  saw  an  engine,  etc.,  at  the  top  of  a  hill  a  few  miles 
ofif,  and  was  told  it  was  a  coal-pit.  He  naturally  went  to  look,  and 
on  going  up  the  hill  found  Lias  shale  with  Lias  fossils,  eta  *  Why,' 
says  he,  *  this  is  Lias  1 '  *  Lias  I '  says  the  proprietor,  coming  down 
on  him ;  '  You're  a  liar,  and  you're  all  liars  together  I '  etc.  Natu- 
rally the  man  ruined  himself." 

The  stories  of  two  equally  futile  explorations  are  given  in  the 
Gbologioal  Magazine  for  November  last  (pages  600  and  605). 

"In  South  Staffordshire  (says  Mr.  Jukes),  I  knew  two  instances 
of  ground  bailiffs,  intelligent  men,  well  versed  in  *  coal-getting,' 
continuing  to  sink  in  Silurian  shale,  and  heaps  of  the  fossils  of  that 
formation  lying  on  the  pit  bank ;  they  were  still  going  down  for 
coal." 

<'  The  name  of  these  stories  is  legion.  The  money  wasted  in  this 
century,  for  want  of  the  very  rudiments  of  geological  knowledge  in 
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those  who  wasted  it,  would  have  paid  for  the  whole  Survey  and 
Museum  since  its  establishment,  and  given  it  an  endowment  of 
£2000  per  annum  for  ever."  (p.  469). 

The  appointment  of  Dr.  Oldham  to  the  Directorship  of  the  Indian 
GeologicaJ  Survey,  in  November,  1850,  rendered  vacant  the  post  of 
Director  of  the  Irish  branch  of  the  Geological  Survey,  which  was 
offered  to  Mr.  Jukes,  and  undertaken  by  him  early  in  1851.  From 
this  date  to  his  death,  on  29th  July,  1869,  he  worked,  if  possible, 
harder  than  before ;  but  we  are  inclined  to  believe  that  lus  was  a 
mind  and  body  constituted  for  active  mental  and  phyfiical  exercise^ 
What  really  operated  unfavourably  upon  him  may  be  termed  the 
official  worry  and  the  constant  sense  of  responsibility  in  which  his 
new  duties  involved  him.  Heretofore  he  had  been  a  "private"  in 
the  ranks  of  the  English  Survey,  working  indeed  both  with  head  and 
hands ;  but  now  that  he  was  suddenly  raised  to  the  rank  of  a  Director 
(with  the  Professorship  of  Greology  in  the  Royal  College  of  Science 
in  Dublin,  added  thereto  in  1854),  the  light-heartedness  which  could 
laugh  at  difficulties  gradually  faded  away.  Like  the  late  Prof. 
Edward  Forbes,  he  chafed  under  official  restraint,  and  doubtless  was 
ready  to  exclaim  with  his  beloved  friend, 

"  Oh,  the  red-tape  worm  ia  gnawing  my  sonl.*' 
Work,  however,  went  on  with  a  will;  for,  although  his  staff  of  assis- 
tants was  small,  he  completed  the  survey  of  about  one-half  the  super- 
ficial area  of  Ireland,  together  with  the  editing  and  partial  authorship 
of  about  forty-two  explanatory  Memoirs  on  the  Geology  of  the  countrr.^ 

Nor  were  bis  labours  confined  to  his  official  work ;  for  in  the  list 
of  77  Books,  Reports,  Articles,  and  papers,  given  at  the  end  of  this 
volume,  53  were  published  between  1850  and  1868  ;  the  last  pnj>er 
he  wrote  being  that  on  "  the  Chalk  of  Antrim,"  which  appeared 
in  the  Geological  Magazine,  Vol.  V.,  1868,  p.  345.  Nearly  all  his 
spare  time,  from  1864  to  1868,  was  devoted  to  an  examination  and 
comparison  of  the  Devonian  Rocks  of  the  South  of  Ireland  with 
those  of  Devon  and  Somerset  and  of  Rhenish  Prussia.  Several 
papers  relating  to  this  much-vexed  question  were  communicated  by 
Prof.  Jukes  to  the  Royal  Geological  Society  of  Ireland ;  to  the 
Geological  Society  of  London ;  and  the  Geological  Magazine, 
1866,  Vol.  IV.,  p.  87.  Had  Mr.  Jukes's  life  been  spared,  he  would 
probably  have  more  fully  worked  out  his  views ;  this  much,  how- 
ever, must  be  said,  in  justice  to  Mr.  Jukes,  that  the  result  of  bis 
researches  and  papers  has  led  to  an  entire  and  careful  re-examination 
of  the  country  under  dispute ;  and  only  on  the  evening  of  22nd  of 
November,  in  the  course  of  debate  on  a  paper,  read  Ix^fore  the 
Geological  Society  of  London,  Mr.  Godwin-Austen  expressed  his 
conviction  that  we  should  live  to  see  the  term  "  Devonian"  alx)lislied 
from  the  series  of  formations  I  there  being  no  true  separation 
between  the  Devonian  and  Carboniferous  series. 

The  most  highly  valued  of  all  Professor  Jukes's  publications  is 

doubtless  his  *'  Manual  of  Geology,"  the  third  edition  of  which  has 

>  See  Obituary  Notice  by  Prof.  Edward  Hall,  F.R.S.,  Geol.  Mao.,  Vol.  VI.  1869, 
430. 
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this  moment  reached  os,  completed,  since  our  lamented  friend's 
death,  by  Prof.  G^ikie,  F.R.S.,  Director  of  the  Geological  Survey  of 
Scotland. 

This  memorial  volume  of  letters,  prepared  by  the  loving  hands  of 
his  sister,  Mrs.  A.  H.  Browne,  is  enriched  by  an  admirably-engraved 
portrait  of  Professor  J.  Beete  Jukes,  true  to  life,  but  withal  a  little 
too  sad,  as  if  the  care  that  oppressed  his  later  years  saddened  his 
thoughts  at  the  very  moment  when  his  photograph  was  taken. 
There  are  abundant  evidences  throughout  the  book,  however,  to 
prove  that  Mr.  Jukes  was  by  no  means  a  dull  companion  or  cor- 
respondent, and  we  only  regret  that  space  precludes  our  giving  a 
fuller  notice  of  him.  We  will  conclude  this  sketch  with  an  odd 
Terse  of  a  geological  rhyme,  intended,  doubtless,  for  one  of  those 
annual  dinners  of  the  Survey  which  the  genius  of  the  late  Professor 
Edward  Forbes  rendered  notable  events  to  every  member  of  the 
staff:— 

"  Then  roll,  roll, 
The  rocks  like  a  scroll. 
Let  them  be  ^*  flat,"  or  **  upright,*'  let  them  stand ; 
By  *»  strike  "  and  by  **  dip," 
Through  <' fault"  and  through  slip," 
Well  map  them  and  section  them  right  through  the  land/' 

[Estraoted  from  a  letter  to  Dr.  Ingleby,  p.  377].  H.  W. 


n. — A  Handbook  to  the  Minebalogy  of  Cornwall  and  Devon, 
with  Instructions  for  their  Discrimination,  and  Copious  Tables 
of  Localities.  By  J.  H.  Collins,  F.G.S.,  etc.,  eto.  8vo.  pp. 
182.  Ten  Plates.  1871.  Truro  :  Heard  and  Sons.  London  : 
Longmans. 

THE  most  useful  books  on  our  shelves,  or  perhaps  in  any  library, 
are  the  dictionaries.  They  form  a  goodly  company ;  broad 
backed  and  sturdy,  each  capable  of  standing  alone ;  catholic  in  their 
usefulness,  but  the  very  type  and  bulwark  of  the  nationalities  in 
their  individual  distinctness. 

This  little  book  may  be  classed  with  them,  for  the  second  part, 
which  occupies  the  greater  bulk  of  the  work,  is  arranged  alphabeti- 
cally, after  the  style  of  Bristow's  Glossary  of  Minersdogy,  but  in- 
cludes, interpolated  with  the  names  of  minerals,  technical  terms  and 
apparatus,  etc.,  required  in  the  determination  of  their  identity ;  and 
the  first  is  also  so  arranged  as  to  be  equally  convenient  for  reference. 

Immediately  on  opening  the  book  we  perceived  that  Mr.  Collins 
must  be  a  thoroughly  practical  man  from  his  style,  for  all  his  sen- 
tences are  to  the  point,  and  in  the  fewest  number  of  words, — a  great 
advantage  in  this  verbose  age, — although  his  English  is  occasionally 
open  to  criticism,  as  will  be  seen  by  merely  a  glance  at  the  title. 
We  will  follow  his  example,  and  without  further  delay  describe  the 
contents  of  the  Handbook. 

In  the  first  chapter,  after  defining  what  is  meant  by  the  word 
"  mineral,"  and  laying  down  the  rules  for  the  systematic  determina- 
tion of  a  specimen,  he  gives  a  list  of  the  apparatus  and  few  chemicals 
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that  are  necessary.  The  second  chapter  ^ves  tables  of  blowpipe 
reactions  from  Plattner  and  Muspratt,  and  Scheerer  and  Blandfoid; 
then  follow  tables  of  minerals  arranged  in  groups  according  to  tfadr 
physical  properties,  e.g.,  "pulverulent,"  "capillary,"  "colour  of 
streak,"  etc.  The  next  chapter  contains  a  list  of  the  Cornish  and 
Devonian  minerals,  with  the  derivation  of  their  names,  dates,  and 
of  their  discovery,  and  names  of  those  by  whom  they  were  first 
noticed.  This  list  we  think  might  very  well  have  been  incorporated 
in  the  Glossary  forming  the  second  part  Then  follow  lists  lowing 
the  different  methods  of  arrangement  in  vogue  amongst  collectorB. 

Chapter  five  is  devoted  to  tables  of  minerals  occurring  in  the 
different  divisions  of  Cornwall  and  Devon,  in  which,  as  indeed, 
throughout  the  book,  the  names  are  printed  in  various  types,  to 
show  their  abundance  or  scarcity. 

These  tables  seem  generally  very  well  prepared,  though  we  notice 
too  great  a  number  of  inaccuracies,  which  we  shall  hope  to  see  cor- 
rected in  future  editions,  as  they  seem  principally  such  as  are  attri- 
butable to  the  work  having  been  hurried  through  the  press,  of  whidi 
many  indications  are  noticeable  throughout  the  book.  The  last 
chapter,  occupying  twenty  lines  only,  is  on  a  most  important  branch 
of  the  subject — "  Paragenesis" — and  adds  a  few  short  lists  of 
minerals  "  congenial  to  one  another,"  as  the  miners  say.  We 
thorouglily  concur  with  the  author  in  his  wish  that  all  students 
would  carefully  register  and  accumulate  observations  on  this  part 
of  tlie  subject,  and  make  them  publicly  known  through  any  con- 
venient cliannel.  as  also  the  position  in  which  minerals  occur,  whether 
in  the  walls  or  joints,  etc,  of  the  lodes.  The  figures  of  crystals  fill 
ten  plates  at  the  end  of  the  second  part.  As  an  instance  of  want  of 
care  in  revising  the  authorities  from  which  the  glossary  is  compiled, 
we  would  mention  that  Stenna  Gwynn  is  given  as  a  locality  for 
Wavellite,  while  under  Tavistockite  it  is  correctly  stated  that  this  is 
the  mineral,  as  first  noticed  by  Dana,  that  really  occui*s  there,  and  not 
Wavellite,  for  which  it  was  formerly  mistaken.  This  book  will  be 
found  to  be  indispensable  to  all  who  are  connected  with  the  mining 
interests  of  Cornwall  and  Devon,  being  the  only  work  on  the  subject 
specially  devoted  to  these  two  counties ;  it  will  also  be  found  ex- 
tremely useful  to  all  students  of  mineralogy. 


I. — Geological  Society  of  London. — The  first  meeting  of  this 
Society  for  the  present  session  was  held  on  November  8,  1871. 
Joseph  Prestudch,  Esq.,  F.R.S.,  President,  in  the  Chair.  The  fol- 
lowing communications  were  read  : — 

1.  A  letter  from  the  Embassy  at  Copenhagen,  transmitted  by 
Earl  Granville,  mentioning  that  a  Swedish  scientific  expedition,  just 
returned  from  the  coast  of  Greenland,  had  brought  home  a  number 
of  masses  of  meteoric  iron,  found  there  upon  the  surface  of  the 
ground.  These  masses  varied  greatly  in  size ;  the  largest  was  said 
'igh  25  tons. 
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Discussion. — ^Mr.  David  Forbes  having  recently  returned  from  Stockholm^  where 
he  had  the  opportunity  of  examining  these  remarkable  masses  of  native  iron,  stated 
that  they  haa  oeen  first  discovered  last  year  hy  the  Swedish  Arctic  expedition,  which 
brought  oack  several  blocks  of  considerable  size  found  on  the  coast  of  Greenland. 
The  expedition  of  this  year,  however,  has  just  succeeded  in  bringing  back  more  than 
twenty  additional  specimens,  amongst  which  two  were  of  enormous  size.  The  largest, 
weig^hing  more  than  49,000  Swedish  pounds,  or  about  21  tons  £higlish,  with  a 
maximum  sectional  area  of  about  42  square  feet,  is  now  placed  in  the  hall  of  the 
Boyal  Academy  at  Stockholm ;  whilst,  as  a  compliment  to  Denmark,  on  whose  terri- 
tory they  were  found,  the  second  largest,  weighmg  20,000  lbs.,  or  about  9  tons,  has 
been  presented  to  the  Museum  of  Copenhagen. 

Several  of  these  specimens  have  been  submitted  to  chemical  analysis,  which  proved 
them  to  contain  nearly  five  per  cent,  of  nickel,  with  from  one  to  two  per  cent. 
of  carbon,  and  to  be  quite  identical,  in  chemical  composition,  with  many  aerolites 
of  known  meteoric  origin.  When  polished  and  etched  by  acids,  the  surface  of  these 
masses  of  metallic  iron  shows  the  peculiar  figures  or  markings  vsoally  considered 
characteristie  of  native  iron  of  meteoric  origin. 

The  masses  themselves  were  discovered  l]ring  loose  on  the  shore,  but  immediately 
resting  upon  basaltic  rocks  (probably  of  Miocene  age),  in  which  they  appeared  to 
have  originally  been  imbedded ;  and  uot  only  have  fragments  of  similar  iron  been 
met  with  in  the  basalt,  but  the  basalt  itself,  upon  being  examined,  is  found  to  contain 
minute  particles  of  metallic  iron,  identical  in  chemical  composition  with  that  of  the 
laree  masses  themselves,  whilst  some  of  the  masses  of  native  iron  are  observed  to 
inclose  fragments  of  'basalt 

As  the  chemical  composition  and  mineralogical  character  of  these  masses  of  native 
iron  are  quite  different  from  those  of  any  iron  of  terrestrial  origin,  and  altogether 
identical  with  those  of  undoubted  meteoric  iron.  Professor  Nordenskiold  regards 
them  as  aerolites,  and  accoants  for  their  occurrence  in  the  basalt  by  supposing  that 
they  proceeded  from  a  shower  of  meteorites  which  had  fallen  down  and  buried  them- 
selves in  the  molten  basalt  during  an  eruption  in  the  Miocene  period. 

Notwithstanding  that  these  masses  of  metallic  iron  were  found  lying  on  the  shore 
between  the  ebb  and  flow  of  tide,  it  has  been  found,  upon  their  removal  to  Stockholm, 
that  they  perish  with  extraordinary  rapidity,  breaking  up  and  falling  to  a  fine 
powder.  Attempts  to  preserve  them  by  covering  them  with  a  coating  of  varnish  have 
as  yet  proved  unsuccessful,  and  it  is  actually  proposed  to  preserve  them  from  destruc- 
tion by  keeping  them  in  a  tank  of  alcohol. 

Mr.  Maskelyne  stated  that  the  British  Museum  already  possessed  a  specimen  of  this 
native  iron,  and  accounted  for  its  rapid  destruction  on  exposure  by  the  absorption 
of  chlorine  from  terrestrial  sources,  which  brought  about  the  formation  of  ferrous 
chloride.  This  was  particularly  marked  in  the  case  of  the  great  Melbourne  meteorite 
in  the  British  Museum;  he  haa  succeeded  in  protecting  this,  as  well  as  the  Greenland 
specimen,  by  coating  them  externally,  after  previously  heating  them  gently,  with  a 
varnish  maae  of  shellac  dissolved  in  neariy  absolute  alcohol. 

He  considered  it  probable  that  a  meteoric  mass  falling  with  immense  velocity 
might  so  shatter  itself  as  to  cause  some  of  its  fragments  to  inclose  fragments  of  basalt, 
and  even  to  impregnate  the  neighbouring  mass  of  basalt  with  minute  particles  of  the 
metallic  iron;  but  he  considered  the  question  of  meteoric  origin  could  only  be  decided 
by  examining  the  same  mass  of  basalt  at  some  greater  distance  from  the  stones  them- 
selves, so  as  to  prove  whether  the  presence  of  such  metallic  iron  was  actually  charac- 
teristic of  the  entire  mass  of  the  rock. 

Prof.  Bamsay  referred  to  the  general  nature  of  meteorites  and  to  their  mineral 
relationship  to  the  planetary  bodies,  and  remarked  that,  supposing  the  earth  to  have 
in  part  an  elementary  metallic  core,  eruptive  igneous  matter  might  occasionally  bring 
native  iron  to  the  surface. 

Mr.  Daintree  mentioned  that  he  had  been  present  at  the  exhumation  of  the 
Melbourne  meteorite,  and  that  at  that  time  there  was  little  or  no  trace  of  any  exuda- 
tion of  ferrous  chloride,  the  external  crust  on  the  meteorite  being  not  above  1/32-inch 
in  thickness. 

2.  "  On  the  Geology  of  the  Diamond-fields  of  South  Africa."  By 
Dr.  John  Shaw,  of  Golesberg.  Communicated  by  Dr.  Hooker,  F.E.S., 
F.G.S. 
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The  aaihor  described  the  general  straotaie  of  the  region  in  whidi 
diamonds  had  been  found.  He  considered  that  the  diamonds  origi- 
nally belonged  to  some  metamorphio  rock,  probably  a  taloose  slate^ 
which  occupied  the  heights  during  a  late  period  of  the  "  trappesn 
upheaval/'  to  which  he  ascribed  the  origin  of  the  chief  physicsl 
features  of  the  country.  This  upheaval  was  followed  by  a  period  of 
lakes,  the  traces  of  which  still  exist  in  the  so-called  ''pans"  of  the 
region ;  the  Vaal  river  probably  connected  a  chain  of  these  lakes ; 
and  it  is  in  the  valley  of  the  Vaal  and  the  soil  of  the  dried-op 
''  pans"  that  the  diamonds  are  found.  The  author  referred  also  to 
the  frequent  disturbance  and  removal  of  the  diamantiferous  gravels 
by  the  floods  which  prevail  in  these  districts  after  thunder-storms. 

3.  ''  On  the  Diamond-gravels  of  the  Vaal  Biver,  South  Africa." 
By  G.  W.  Stow,  Esq.,  of  Queenstown,  Gape  Golony.  Communicated 
by  Prof.  T.  Rupert  Jones,  F.G.S. 

The  author  described  the  general  geographical  features  of  the 
country  in  which  diamonds  have  been  found,  from  Mamusa  on  the 
south-west  to  the  headwaters  of  the  Vaal  and  Orange  Bivers.  He 
then  indicated  the  mode  of  occurrence  of  the  diamonds  in  the  gravels, 
gravelly  clays,  and  boulder-drifts  of  the  Vaal  Valley,  near  Pniel, 
including  Hebron,  Diamondia,  Gawood's  Hope,  Gong  GK>ng,  Klip 
Drift,  Du  Toit's  Pan,  and  other  diggings.  By  means  of  sections,  he 
showed  the  successive  deepenings  of  the  Vaal  Valley  and  the  gradual 
accumulation  of  gravel-banks  and  terraces,  and  illustrated  the  enor- 
mous catchment  area  of  the  river-system,  with  indications  of  the 
geological  structure  of  the  mountains  at  the  headwaters.  The  speci- 
mens sent  by  Mr.  Stow,  as  interpreted  by  Prof.  T.  B.  Jones,  showed 
that  both  igneous  and  metamoq)hic  rocks  had  supplied  the  material 
of  these  gravels.  The  author  concluded  that  a  large  proportion  of 
these  materials  have  travelled  long  distances,  probably  from  the 
Draakensberg  range;  but  whether  the  original  matrix  of  the  dia- 
monds is  to  be  found  in  the  distant  mountains  or  at  intermediate 
spots  in  the  valleys,  the  worn  and  crushed  condition  of  some  of  the 
diamonds  indicates  long  travel,  probably  with  ice-action.  Polished 
rock-surfaces  and  striated  boulders,  seen  by  Mr.  GilfiUan,  were 
quoted  in  corroboration  of  this  view. 

DiscusBiox. — Mr.  Henry  Woodward  mentioned  that  Mr.  Griesbach,  who  wia 
present,  informed  him  that  his  fellow  traveller,  Mr.  Hiibner,  had  been  over  the 
country  described  in  these  papers,  and  had  communicated  a  map  and  a  paper  thereon 
in  July,  1870,  to  Petermann's  Journal. 

Mr.  Griesbach  stuted  that  the  rock  described  as  metamorphic  in  the  paper  was  by 
M.  Hiibner  regarded  'as  molapliyre,  and  that  in  some  parts  of  the  Vaal  valley  the 
beds  of  the  Karoo  formation  mignt  be  seen  in  situ.  He  disputed  the  possibility  of 
any  of  the  gravels  being  of  glacial  origin.  He  was  convinced  that  there  were  no 
metamorphic  rocks  on  the  western  side  ot  the  Draakensberg ;  those  regarded  as  such 
probably  belonged  to  the  Karoo  formation. 

Prof.  Teunant  commented  on  the  large  size  of  the  diamonds  from  the  Cape,  of 
which  he  had  within  the  last  few  months  seen  at  least  10,000,  many  of  them  from 
80  to  90  carats  each.  Some  broken  specimens  must,  when  perfect,  have  been  as 
large  as  the  Koh-i-noor. 

Mr.  Tobin  corroborated  the  information  given  by  Mr.  Stow,  and  stated  that  the 
source  of  the  Vaal  was  in  sandstone,  and  that  it  was  not  until  it  had  traversed  some 
distance  that  agates,  peridot,  and  spinel  were  met  with.    The  large  diamondfl^  ia  hii 
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Tiew,  occurred  principally  in  old  high-leTel  eray^ls,  at  a  conBiderable  eleyation  aboye 
the  riyer,  which  had  much  deepened  its  yuley  since  the  time  of  their  deposit.  At 
Da  Toit's  Pan,  howeyer,  none  oi  the  diamonds,  nor  indeed  any  of  the  other  stones, 
showed  any  si^ns  of  wear;  and  he  considered  that  at  that  spot  was  one  of  the 
centres  at  which  diamonds  had  been  fonnd  in  their  original  matrix. 

Mr.  Daintree  stated  that  in  Australia  there  were  ag^te-bearing  beds  of  amygdaloid 
greenstone,  similar  to  those  in  South  Africa,  and  that  he  had  caUed  attention  to  their 
existence  in  the  neighbourhood  of  the  Burnett  riyer,  where  since  then  a  diamond  of 
the  yalue  of  £80  baS  been  discoyered. 

Mr.  Maskelyne  commented  on  the  dissimilarity  of  the  minerals  found  in  the 
diamond-bearing  beds  of  Brazil  from  those  of  Dn  Toit's  Pan  or  of  South  Africa 
generally.  He  thought  that  possibly  the  minerals  described  as  peridot  and  spinel 
might  be  bronzite  and  garnet,  which,  howeyer,  came  from  igneous  rocks ;  and  the 
remarkable  fact  was  that  with  them  occurred  unrolled  natrolite  and  diamonds  in  an 
equally  unrolled  condition,  which  was  suggestiye  of  their  haying  been  due  to  a  com- 
mon origin. 

Mr.  Ward  ^ye  an  account  of  an  examination  of  some  of  the  rock  from  Du  Toit's 
Fan,  with  a  yiew  of  discoyering  microscopic  diamonds,  none  of  which,  howeyer,  had 
been  found. 

Prof.  Rupert  Jones  had  been  equally  unsuccessful  in  the  search  for  minute  dia- 
monds, both  in  sand  from  Du  Toit's  and  in  the  ocherous  grayel  from  Klip  Drift.  He 
pointed  out  the  water-worn  condition  of  the  agate  Arom  Du  Toit's  Pan,  which  showed 
aqueous  action,  though  there  were  also  seyeral  other  minerals  present  in  a  perfectly 
fresh  and  unrolled  condition.  He  thought  a  careful  examination  of  the  constituent 
parts  of  the  grayel  might  ultimately  throw  light  on  their  origin.  That  iiuyiatile 
action  was  sufficient  to  account  for  their  presence  had  already  oeen  shown  by  Dr. 
Rubidge  and  others,  who  had  treated  of  the  grand  plateaux  and  denudations  of  the 
district  under  notice. 

n.  BoYAL  Qkolooioal  Sooikty  of  IreiiANd. — This  Society  met 
on  the  evening  of  Wednesday,  November  8th,  1871.  Edward  HuU, 
Esq.,  F.R.S.,  Director  of  the  Irish  branch  of  the  Geological  Survey, 
in  Uie  Chair. 

Dr.  Frazer  exhibited  some  diamonds  from  the  South  African  fields. 

Mr.  G.  H.  Kinahan,  M.R.I.A.,  of  the  Geological  Survey,  read  a 
short  paper  on  the  Coal-measures  of  Ireland.  This  communication 
was  a  reply  to  a  statement  made  before  the  Society  in  January  last 
in  a  paper,  "On  the  Ballycastle  Coal-field,"  by  Mr.  E.  Hull, 
in  which  it  was  asserted  that  there  were  true  Coal-measures  in 
Connaught,  while  none  exist  in  the  provinces  of  Munster  or  Leinster, 
as  laid  down  in  the  Geological  Maps  published  under  the  direction 
of  the  late  Mr.  J.  B.  Jukes.  The  author  of  this  paper  showed  that 
the  Coal-measures  of  Leinster,  Munster,  and  Connaught  were 
identical ;  therefore,  if  Mr.  Hull's  statement  respecting  Connaught 
was  correct,  his  assertion  as  to  Munster  and  Leinster  must  be 
wrong.  He  pointed  out  that  the  late  Mr.  Foot  and  himself  wished 
to  divide  the  Coal-measures  into  four  series,  but  that  the  late  Mr. 
Jukes  objected,  and  stated,  "  If  we  were  'to  seek  to  force  this  Coal- 
measure  series  into  a  strict  analogy  with  those  of  other  districts,  we 
might  look  upon  these  lower  black  shales  with  marine  fossils  as  the 
representative  of  the  upper  limestone  shale  of  Derbyshire;  and 
the  set  of  sandstones  and  flagstones  No."  2  as  the  representative 
of  the  Millstone  Grit  of  that  county.  It  would,  however,  be 
impossible  in  the  South  of  Ireland  to  draw  any  recognizable  boundary 
■ubdividing  the  Goal-measure  serieB,  and  the  attempt  would,  there-' 
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fore,  only  tend  to  confusion."  The  author  next  pointed  out  that 
palaeontologically  the  Coal-measures  of  Kilkenny,  Queen's  Comity, 
Limerick,  Clare,  Ken*y,  etc.,  were  similar  to  those  of  Coalbrookdale, 
Staffordshire,  and  other  places  in  England. 

Mr.  W.  Hellier  Baily,  F.G.S.,  gave  a  list  of  the  fossils  Gommon  to 
both  the  English  and  Irish  Coal-measures. 

Mr.  Hull,  F.R.S.,  briefly  replied,  and  referred  chiefly  to  the  lower 
members  of  the  Coal-measures  in  England,  with  which  he  compared 
the  Irish  coal. 

The  Secretary,  Prof.  McAlister,  exhibited  the  skull  of  the  grizzly 
bear  (Ursusferox),  found  in  digging  the  Ulster  Canal.  This  led  to 
a  discussion  on  fossil  bears,  after  which  the  Society  adjourned. 


BIVER  TERRACES,  ETC. 
Snt, — I  make  no  remarks  on  the  obliging  expressions  at  the  end 
of  the  Rev.  Mr.  Bonney's  letter  (Geol.  Mag.,  p.  626),  but  the 
beginning  of  his  letter  ts  of  public  and  scientific  interest  He  says, 
"I  certainly  did  not  understand  that  Colonel  Greenwood  was  speaking 
solely  (Mr.  Bonney's  italics)  of  terraces  in  closed  valleys.  This,  it 
appears  to  me,  was  by  no  means  clearly  brought  out  in  his  first  letter. 
With  regard  to  these,  I  can  only  say  that,  owing  to  the  general 
correspondence  between  all  these  terraces  that  I  have  seen  and  those 
in  the  open  valleys,  it  seems  more  natural  to  refer  both  to  the  same 


cause." 


The  difference  between  the  two  is  this,  that  marine  terraces  (in- 
cluding those  deposited  in  "  fiords  ")  cannot  be  formed  without  a 
general  cause,  that  is,  without  a  general  subterranean  upthrow  of  the 
district.  Whereas  inland  terraces  arise  from  a  local  cause,  that  is, 
flood  and  deposit  caused  by  rain-water  checked  at  a  gorge,  and  when 
the  gorge,  by  erosion,  is  widened  and  deepened,  the  alluvium  being 
cut  into  two  parallel  terraces. 

With  regard  to  my  first  letter  (Geol.  Mag.,  April,  1871)  "speaking 
solely  of  terraces  in  closed  valleys,"  the  first  half  of  that  letter  is  on 
marine  terraces.  The  second  half  begins,  "  So  far  in  reference  to 
marine  alluvial  plains,"  and  refers  to  the  difference  of  the  causes 
of  marine  and  inland  terraces.  My  letter  exists  in  black  and  white. 
Has  Mr.  Bonney  written  his  letter  without  referring  to  mine  ? 

'''"""IZw^tTistT""""'  Gkoege  Geeenwood,  aioneL 

ROYAL  COAL  COMMISSION. 
SiK, — In  the  review  of  the  Royal  Coal  Commission  Report  (Geol. 
Mao.,  p.  520,  November,  1871)  the  reviewer  has  fallen  into  an  en*or 
in  stating  that  I  reported  to  the  Commissioners  on  South  Staffordshire, 
East  Worcestershire,  and  Shropshire.  By  reference  to  vol.  i.,  p.  27, 
of  the  Report  it  will  be  found  that  Mr.  John  Hartley,  of  Tong  Castle, 
Shropshire,  reported  upon  South  Staffordshire  and  East  Worcester- 
abire.  My  report  only  refers  to  the  county  of  Shropshire  {vide  p.  28), 
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tlie  charge  of  which  I  was  intrusted  with  by  Mr.  EEartley,  one  of  the 
Commissioners. 

I  regret  that  my  evidence  on  the  co-relation  of  the  Shropshire  and 
Stafifordshire  Coal-fields  is  not  published  in  detail  in  vol.  iL  Prof. 
Eamsay  has  given  an  importance  to  it  by  his  remarks  (p.  121,  vol.  i. 
Coal  Commission  Eeport)  which  it  might  not  otherwise  have  enjoyed. 
I  hope  shortly  to  arrange  for  its  appearance  in  print,  so  that  the 
reader  may  judge  for  himself  of  the  reasonableness  of  my  arguments. 

ALBRIOHTON,  NEAR  WOLVBKHJLMPTON,  -nAVTlCT      TnviTfl 

Novembers,  1871.  UANIEL  JONES. 


RELATIVE  AGES  OF  IGNEOUS  ROCKS. 

Sm, — On  my  return  from  Italy  a  few  days  since,  I  had  the  pleasure 
of  reading  Mr.  Allport's  article,  "  On  the  Belative  Ages  of  Igneous 
Rocks,"  in  the  Gkol.  Mag.  for  October,  p.  448.  I  am  obliged  to  him 
for  directing  my  attention  to  an  error  into  which  I  was  led  by  quoting 
from  my  impression  of  the  results  of  Mr.  Forbes's  researches  on  the 
microscopical  structure  of  basalts,  and  if  I  have  incorrectly  repre- 
sented them,  I  sincerely  apologize. 

I  am  glad,  however,  that  I  have  correctly  stated  the  result  of  Mr. 
Allport*s  own  observations,  with  which  I  was  well  acquainted 
through  the  valuable  papers  he  has  contributed  to  this  Magazine, 
and  I  take  this  opportunity  of  thanking  him  for  the  ready  assistance 
he  afiforded  myself  when  commencing  the  microscopical  examination 
of  rocks.  As  he  has  shown,  olivine,  which  was  once  considered  as 
characteristic  of  Tertiary  or  modem  basalts,  is  present  either  in  its 
primary  form  or  by  its  pseudomorphs  in  melaphyres,  dolerites,  and 
basalts  of  various  geological  epochs;  and  with  reference  to  Dr. 
Zirkel,  whose  name  I  ventured  also  to  quote,  I  have  it  on  very  good 
authority  that  he  has  arrived  at  a  similar  conclusion. 

My  own  observations  on  the  microscopical  structure  of  basalts  and 
dolerites  are  not  sufficiently  extended  to  enable  me  to  come  to  any 
certain  conclusion  as  regards  the  presence  of  olivine,  or  the  struc- 
tural peculiarities  of  rocks  of  different  ages.  It  is,  in  the  first  place, 
often  quite  impossible  to  determine  to  what  geological  period  or 
epoch  a  trap-dyke  may  be  referable.  In  the  case  of  the  Moume 
Mountains  we  have  an  unusual  means  for  the  determination  of  the 
relative  ages  of  two  sets  of  basaltic  or  doleritic  dykes,  owing  to 
their  relations  to  the  granite ;  and  we  cannot  be  far  wrong  in  as- 
suming that  the  dykes  more  recent  than  the  granite  are  referable  to 
the  Tertiary  epoch,  and  that  those  more  ancient  than  the  granite  are 
of  Upper  Carboniferous,  or  possibly  Permian,  age.  Now,  on  referring 
to  my  notes  of  the  few  specimens  I  have  been  able  to  examine 
microscopically  from  this  district,  I  find  that  the  crystalline  grains 
of  olivine,  or  its  pseudomorphs,  are  (as  far  as  I  can  determine)  only 
present  in  the  more  recent  dykes.  The  number  of  specimens  is, 
however,  quite  insufficient  for  any  general  conclusions  to  be  founded 
on  them. 

In  conclusion,  allow  me  to  express  a  hope  that  Mr.  Allport  will 
not  be  content  with  publishing  a  few  papers  on  the  interesting 
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branch  of  inquiry  which  he  has  been  parsuing  for  some  years  back. 

Since  the  publication  of  Zirkel's  work  on  the  microscopical  structurB 

of  basalt,  with  figures  and  descriptions   of  the   crystalline  forms 

of  sliced  specimens  of  minerals,  students  have  been  placed  at  a  great 

advantage  as  regards  the  augitic  group  of  rocks.    We  are  now  muck 

in  need  of  similar  hand-books  of  reference  for  diorites,  diabasio 

rocks,  felstones,  and  lavas,  with  their  varieties.    As  Mr.  Allport  has, 

J  believe,  submitted  several  hundred  specimens  to  examination,  I 

feel  sure  he  has  the  materials  at  hand  for  a  valuable  work. 

Royal  College  OF  SciENCB,  Edwabd  HuLL. 

Stephen  6  Gusen,  Dublin,  Nov.  8,  1871.  ^*^^*»^±m  ^vm^ 


SILICIFIED  CORAL  ON  THE  COAST  OF  SUSSEX,  ETC. 

Sir, — The  specimens  of  silicified  wood  occurring  on  the  beadi  at 
Hove,  near  Brighton,  are,  no  doubt,  derived  from  the  Upper  Green- 
sand,  and  will  at  once  be  recognized  by  those  familiar  with  that 
occurring  on  the  coast  near  Axmouth,  in  South  Devon. 

The  semi-chalcedonic  chert  composing  the  specimens  of  silicified 
coral  is  more  characteristic  of  the  Upper  Greensand  than  the  Oolite; 
that  found  at  Hove  exhibits  a  boring  lined  with  chalcedony,  such  as 
may  be  seen  in  the  Greensand  silicified  wood.  Their  greater  abundanoe 
at  Sandown  than  elsewhere,  in  which  neighbourhood  the  Greensand 
is  exposed,  would  be  corroborative  of  such  an  origin;  though 
specifically  they  would  be  assigned  to  the  Oolite.  The  specimens 
I  have  seen  vary  in  quality,  and  would  appear  to  be  derived  from 
distinct  localities.  I  have  seen  numberless  specimens  of  the  Tisbury 
coral  in  collections  at  Salisbury  and  elsewhere,  so  am  able  to  judge 
of  the  comparative  appearance  of  the  specimens. 

^^ovember  Uth,  1871.    S.   G.   PeboEVAL. 

CoAL  Discovery. — An  important  discovery  of  coal  has  been  made 
at  Halesowen,  a  village  on  the  East  Worcestershire  side  of  the  Black 
Country,  and  within  a  few  miles  of  Birmingham.  Mr.  J.  S.  Dawes 
has  been  sinking  trial  shafts  and  exploring  in  this  neigh]>ourliood  for 
the  last  seven  years  and  at  length,  after  an  expenditure  of  £20,000, 
his  enteq)rise  has  been  rewarded  by  the  discovery  of  a  seam  of  coal, 
14  feet  thick  and  of  excellent  quality.  It  is  believed,  from  the  position 
and  general  features  of  the  measure,  that  its  thickness  will  be  found 
to  increase  as  the  work  progresses.  Enough  has,  however,  already 
been  proved  to  controvert  the  theories  hitherto  held  as  to  the  boundary 
of  tlie  coal-field  in  tliis  direction,  and  the  impending  exhaustion  of  the 
Black  Country  fuel  supply.  The  coal  lies  at  a  depth  of  about  420 
yards,  a  headway  of  1,005  yards  having  been  driven  from  the  bottom 
of  one  of  the  trial  shafts.  Mr.  Dawes  intends  to  continue  his  lateral 
excavations  1,000  yards  further,  through  the  property  of  Lord 
Lyttelton. — The  TimeSy  24tli  November. 
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